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SOME PROBLEMS IN GEOGRAPHIC EDUCATION WITH 
SPECIAL REFERENCE TO SECONDARY SCHOOLS’ 
RICHARD ELWOOD DODGE 


It may seem at first superfluous to devote this address to the dis- 
cussion of problems in geographic education when more than one-half 
the members of this Association are engaged in teaching geography, 
or some phases of the subject, in our higher institutions. Having, 
however, worked many years in the shadow of both geography and 
education—as it were, in the umbra of the one and the penumbra of 
the other subject—my energy has been devoted increasingly to the 
consideration of those problems which involve the effective coordina- 
tion of educational theory, practice and ideals and the ideals of the 
professional geographer and the professional teacher of geography. I 
have realized more and more fully as the years have passed that we 
shall never have effective geography teaching until geographers and 
educators come to understand each other better, are more sympathetic 
each toward the other’s viewpoint, until they realize that their ideals 
have many factors in common, and that effectiveness can be secured 
only by team work. The time has passed when in education, in sports 
or even in life, the star player can afford to sacrifice the success of the 
“team ” to increase his vanity or promote his dignity. 

Education is not today what it was twenty-five years ago. No longer 
are the best methods of teaching a given subject decided by show of 
hands in a class room or applause at a teachers’ institute. A successful 
worker in education must follow those fundamental principles of his 
young science, that have been measured quantitatively or tested and 
proved by other experimental methods. The apprentice system, by 
which so many of us have come to our life work, cannot now be con- 
sidered the best preparation for success in teaching any subject. 

I remember but two pedagogical suggestions that came to me in my 
early years of teaching, both unconsciously given. They were both 
wise and helpful; both were founded on experience and a knowledge 
of human psychology, but both were in reference to the handling of 
people and not to the handling of the subject; so as to present it most 
effectively to freshmen—the task before me then. 

I can see as though it were yesterday my master, Professor Shaler, 
—to give him the deserved title with which he always so reverentially 

* Presidential Address delivered before the Association of American Geographers, 


Washington Meeting, December, 1915. 
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spoke of his master, Louis Agassiz,—as he sat behind his long table 
and listened to my request for advice as to how to handle my first 
problem in teaching—a student older than I who had protested about 
his mark. Taking his long pipe from his mouth in the characteristic 
manner that every old student of his remembers so clearly, Professor 
Shaler remarked, “I leave it entirely in your hands. Keep your 
temper.” I recognize now that no advice could have been wiser or 
more helpful to meet the situation. It has helped me many times 
since, in dealing with youth as well as with adults. The second sug- 
gestion came from the master of geography in whose mind this Asso- 
ciation was conceived and to whom we owe so much of our strength. 
During a conversation on a field trip over Hoosac Mountain, Professor 
Davis remarked, “ Don’t laugh at children, laugh with them,”—a rule 
I have found of great assistance in dealing with impressionable youth. 

I have given these personal remembrances, not in the spirit of 
reminiscence which is a sign of advancing years; not to give credit to 
the two honored teachers whose influence has been most significant in 
my life—that would be impossible—but to indicate the character of the 
incidental apprentice training in teaching of the last century, that I 
may contrast with it certain aspects of what might be called the sys- 
tematic shop management training in education of this century. 

It is no longer believed that “ teachers are born, not made.” They 
must be born and made, trained in their subject, in methods of im- 
parting it, and in the practice of educational principles, if they are to 
be successful from the start. Others may survive and succeed. By 
trial and error, by experiment and adaptation, using classes as unre- 
sisting but by no means willing laboratory material, ignorant of the 
relative values of possible methods of teaching a given subject, perhaps 
even ignorant that there is any other subject except their hobby, some 
may become teachers of worth, but many fall by the wayside, fortu- 
nately for the cause. Today few of us believe that we can be teachers 
of geography if we think only of presenting our favorite subject in a 
logical sequence and leave out of account the men and women, or youths 
and maids, on whose effective training to meet their life problems our 
success as teachers depends. Consciously or unconsciously we make 
use of some of the established theorems of educational psychology and 
of the proved principles of education. 

The progress of the cooperating science of education within the last 
two decades has been so rapid, and it has so grown in strength and 
usefulness, that today few question its right to a place in the curricu- 
lum of the higher institutions of learning. This is more than can be 
said for geography, either for the secondary school, the normal school, 
or the college. There are some who even question the value of geog- 
raphy in elementary schools. Education as a subject is now generally 
recognized as necessary in the efficient training of teachers of any grade. 
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As is characteristic of the early stages of development of any move- 
ment, some have gone to extremes in their stressing of education. So 
much attention has sometimes been given to the theory and principles 
of education, that pupil teachers in training have not had sufficient 
time for proper preparation in the subject matter, which should be the 
basis of any training for teaching. Just as youthful Doctors of Phil- 
osophy in some narrow specialty have been imposing their lecture notes 
from the University and University methods of instruction, on the 
secondary schools, thereby augmenting the university influence that so 
long hampered secondary education, so teachers educationally over- 
trained, but with no adequate knowledge of geography, history, mathe- 
matics or English, have weakened rather than strengthened elementary 
education. 

To be educationally top heavy is worse than to be geographically or 
historically top heavy; both are unfortunate in all phases of education, 
but especially in elementary, secondary and normal school work. As 
Geikie long ago expressed it, “In the teaching of geography, as in 
instruction of every kind, the fundamental condition for success is 
that the teacher has so thoroughly mastered the subject himself and 
takes so much interest in it, that he can speak to his pupils about it, 
not in the set phrases of a class book, but out of the fullness of his own 
knowledge, being quick to draw his most effective illustrations from 
the daily experiences of those to whom he addresses himself.” 

In other words, a knowledge of children’s interests and of the best 
methods of making connections between the known and the unknown, 
the basis of modern educational practice, are both necessary. Today 
leading educators no longer hold the belief that students can, through 
education, be taught to teach what they do not know, nor that the 
person who has the most intimate knowledge of his subject is thereby 
of necessity a real teacher. Education has passed through the period 
of exploitation, and the period of being organized about the momentary 
ideals of magnetic and appealing leaders—so characteristic in the de- 
velopment of almost any subject, as it is of governmental policy— 
and is now a growing science, with certain fundamental principles that 
are no more questioned than is the fact of evolution. 

The recent progress in education is indicated by the significant fact 
that twenty years ago our educational institutions were giving courses 
in educational theory, while today we find courses entitled the prin- 
ciples of education. Similarly child study has given way to educa- 
tional psychology, whose far-reaching scientific conclusions have given 
us a basis for reorganizing our antiquated and unscientific class room 
methods. Progress in the education of an individual or a group, at 
least in the lower schools, is no longer estimated; it is measured. 
Standard tests are widely used to measure advancement in arithmetic, 
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in reading, in spelling, in writing, in composition and in drawing.’ 
Schools can now be standardized as to the quantity and quality of their 
work, and individual methods of teaching can be compared in effective- 
ness, without impairing the spirit of the school work or weakening the 
significance of the personal touch that makes the real teacher. Methods 
of accurately measuring results in history, geography, literature and 
science—the so-called content subjects—are now being studied and 
doubtless will soon be available. Initial steps have already been taken 
to determine the minimum essentials of geography in the elementary 
schools,* which may form a basis on which may be constituted a fuller 
and more vital course in geography. So far attention has been given 
only to listing the isolated facts of geography any person should know 
and be able to use. Inasmuch as one may be a gazetteer of informa- 
tion and not be a geographer, or even educated in geography, it is 
sincerely to be hoped that the studies will be carried on until we have 
a minimum set of vital geographical relationships to supplement the 
jackstraw groups of facts, for the flesh and not the bones of our science 
is what gives it usefulness, form, beauty, strength and individuality. 
Any willingness on the part of educators or geographers to confine their 
attention to items of location, or of industrial products, can only result 
in strengthening the impression, unfortunately so general, that the con- 
tent of geography is purely informational in character. Few geog- 
raphers could subscribe to the following statement of the content of 
elementary school geography, copied from a recent prominent book on 
teaching, and to the implication as to the content of more advanced 
geography: 

“ A student knows his geography well when he knows the location 
of all the important places and products and can tell why these are 
where they are; and when he knows all the important geographical 
facts, as every person should by the time he finishes the geography 
course.” 

Such inadequate summaries, indicating a narrow perspective and a 
lack of knowledge of the real character of geography, hurt the cause 
of education, of geography and of education through geography. The 
~ ?B, R. Buckingham: Spelling Ability: Its Measurement and Distribution, Teach- 
ers College Contributions to Education, No. 59. E. L. Thorndike: Scale for Meas- 
uring Handwriting, Teachers College Record, March, 1910; The Measurement of 
Ability in Reading, Teachers College Record, September, 1914; The Measurement 
of Achievement in Drawing, Teachers College Record, November, 1913. M. B. Hille- 
gas: Scale for Measurement of English Composition by Young People, Teachers 
College Record, September, 1912. Cliff Winfield Stone, Arithmetical Abilities and 
Some Factors Determining Them, Teachers College Contributions to Education, No. 
19. H. B. Howell: A Fundamental Study in the Pedagogy of Arithmetic, Mac- 
millan Co., 1914. 

*W. C. Bagley: The Determination of Minimum Essentials in Elementary Geo- _ 
graphy and History, Chap. IX. Fourteenth Yearbook of the National Society for 
the Study of Education, University of Chicago Press, Chicago, 1915. 
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content, scope and possibilities of geography are primarily a question 
for geographers; the adaptability of certain phases of geography to 
pupils of a given age may be measured scientifically by trained edu- 
cators; the best methods of teaching may be similarly tested, and we 
must accept and use the conclusions. This does not mean that we can 
subscribe to or must support every opinion published by a worker in 
education. We can accept his conclusions only when we can approve 
his methods of work as scientific and accurate. 

Educational psychology in the hands of a few scientific workers has 
given us not only standards but a new understanding of the actual 
mental processes in adolescence, as well as in the earlier and later 
periods of learning. A study of the actual processes of learning by 
the experimental psychologists has proved that many of the older 
methods of teaching in elementary and secondary schools were ineffi- 
cient because based on erroneous assumptions rather than on an under- 
standing of the laws of habit formation. No longer is a teacher’s 
ability judged by his power to keep pupils inactive physically, which 
sometimes means they are inactive mentally. The requirement is that 
he shall promote mental activity perhaps in part through physical 
activity, if thereby a pupil can best give expression to his ideas, or 
indicate the directions of approach to which he responds most naturally. 

Our increasing knowledge of the actual processes of learning has 
required a reconsideration of some of the doctrines of education promi- 
nent only a few years ago. The report of the subcommittee on geog- 
raphy of the Committee of Ten, in 1893,* said: “ While various 
activities of the mind are called into exercise in geographical work, 
the committee would advise that the systematic development of three 
classes of these should largely control the arrangement of the work, viz. : 
(1) the powers of observation; (2) the powers of scientific imagina- 
tion, and (3) the powers of reasoning. The cultivation of the powers 
of observation is necessary to furnish clear, accurate and realistic 
fundamental ideas and modes of thought.” This is an expression of 
faith in the doctrine of formal discipline, and differs but little from 
the appeals that have been put forth as to the moral and intellectual 
usefulness of every old subject whose value as a fundamental in edu- 
cation has been questioned, and of every new subject that enthusiasts 
would bring to the forefront in school curricula. The more difficult 
and remote a subject the better it was supposed to be for one’s soul, 
because it gave “ good mental discipline ” and enabled one to prepare 
himself for other equally disagreeable tasks. “Aside from the psycho- 
logical fallacy involved, that ability to do one kind of work would 
spread or be available for all other kinds of mental activity which we 


“Report of the Committee on Secondary School Studies, p. 214. U.S. Bureau of 
Education, Document 205, Washington, D. C., 1893. 
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call by the same general name, the devotees of the doctrine ignored 
the fact that the maximum of activity or hard mental work could be 
secured only under the stimulus of genuine interest.”° 

Or, to put it in the words of Thorndike,’ “It used to be thought, 
erroneously, that man’s intellectual and moral responses were due in 
the main to a few formal abilities, such as attention, memory, imagina- 
tion, reasoning, conscience, the will and the like, which worked in 
large measure irrespective of what particular stuff was to be attended 
to, remembered, reasoned about or chosen. * * * Intellect was 
not thought of as a multitude of special bonds between particular situ- 
ations and particular responses, but as a few faculties and powers 
which could conduct certain operations equally well with almost any 
situation whatever. * * * As a result of the experiments that 
have been made since 1900, such expectations of universal transfer of 
ability in large amounts are no longer entertained by competent think- 
ers. It is agreed that there is no mysterious necessity in the nature 
of man which makes an improvement in grammatical reasoning spread 
to produce great improvement in all rational thought, or makes im- 
proved attentiveness’ to numbers in computation produce power to 
attend to the cloth in a loom or the marks on a butterfly. It is agreed 
that a gain in one ability improves others only in so far as it is proved 
to do so—that the question of the disciplinary value of any training 
is a question of fact to be measured, not an article of educational faith 
to be assumed. It is agreed that roughly we can hope for such wider 
improvement only in so far as the other abilities in question are in 
part identical with the ability specially trained. Investigations to 
ascertain just what these identities are, and just how far the improve- 
ment of certain abilities influences others, are among the most im- 
portant now being made by scientific students of education.” 

Time will not permit any presentation of the experiments performed 
and tests made by the many workers who have contributed to the evo- 
lution of experimental psychology from a philosophy into a science. 
Suffice it to say that established principles of education, of which the 
new attitude of educational leaders toward the question of mental dis- 
cipline is an instance, have brought about new and in general more 
efficient methods of teaching in our better elementary, secondary and 
normal schools. New methods involve not only a new attitude on the 
part of well-trained teachers, but new methods of class-room procedure, 
producing more initiative and responsiveness on the part of the pupils, 
of whatever age. The text-book is becoming a tool in education, and 
is no longer universally viewed as the final authoritative epitome of 

* Strayer, George Drayton: A Brief Course in the Teaching Process, p, 235. New 
York, The Macmillan Company, 1911. 

* Thorndike, Edward Lee: Education, p. 114. New York, The Macmillan Com- 

pany, 1912. 
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wisdom on a given subject. Of course, as in any new movement, steps 
must often be retraced and a new start made. Enthusiasts who have 
caught the spirit of the new movement but who are still using its prin- 
ciples with unconscious quotation marks, may lead others astray and 
thus hinder the progress they would promote. 

On the whole, however, progress is being made. The scientific 
| leaders, the trained teachers of teachers, and the teachers trained from 
the new viewpoint, form a cooperating force for better teaching that 
is producing marked results. An examination of the course of study 
in any leading school system will indicate how modern education has 
given a new lease of life to the common school subjects and made them 
contributions to the real education of the future men and women. 
However much we may look askance at what seem to be the radical 
views of youth, and wish teaching were still what it was in the time of 
the desolate, unpainted “ Little Red School House,” we cannot afford 
to shroud ourselves in the cloak of conservatism, and continue to look 
backward into the vistas of experience, lightened only by the fading 
glow of youthful memories out of perspective. 

We must look forward, and if we believe geography can be aroused 
from the state of arrested development in which it has so long lain 
dormant, we must join forces with all who can contribute scientific 
truth or accurately tested experience to the solving of the problems of 
such deep interest to all, and work for success as never before. Geog- 
raphy will come to its own when it is proved to be worth while in 
education. To make geography worth while we must not only seru- 
tinize our methods of teaching from the educational standpoint, re- 
evaluate its parts, and perhaps the subject as a whole, but also pay 
attention to the educational movements that educational leaders, pro- 
fessional and political, are actively and effectively promoting. 

Three movements of great significance, all vitally affecting the status 
of geography in elementary and secondary schools, have within the last 
few years come to the front in educational discussion and educational 
administration. They are the Junior High School, the adoption of 
General Science courses in the earlier high school years, and the pro- 
ject or the problem method of teaching, not only science, but other 
subjects. 

Perhaps the most far-reaching and significant movement of recent 
years has been the development of the Junior High School which may 
be “defined as a special organization of grades 7 and 8, or 7, 8 and 9 
to provide for greater differentiation of studies, better care of indi- 
vidual pupils, an easier transition to high school, longer school life, 
etc.””* 





* Report Commissioner of Education, Vol. I, p. 147. Government Printing Office, 
Washington, 1915. 
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By this system of organization some subjects, like mathematics 
beyond arithmetic, foreign languages, and commercial and industrial 
studies can be begun earlier in school life, the abrupt change in methods 
of school work customary where the high school follows after the eighth 
grade is avoided and children are kept interested in the work because 
content and methods change as their powers increase and ambitions 
develop with the on-coming of adolescence. Already reports of the 
success of Junior High Schools from many cities show statistically a 
great increase in the number of pupils that remain in school beyond 
the sixth or seventh grade. This division between the grade school 
and the high school which has so long remained untouched is disap- 
pearing like a mist before the breeze or sun. 

How does this affect geography teaching in schools? Generally in 
one of two ways. Either continental or regional geography is dropped 
at the end of the sixth year of the elementary school or it is carried 
unchanged or modified into the first year of the Junior High School— 
the old seventh grade. If the former plan is followed the systematic 
study of geography that everyone may or might find useful is dropped 
just at the time when the increasing abilities of well-trained pupils 
make it possible for regional geography, whether taught by old methods 
or new, to be really a contribution to life preparation. In some schools 
geography in the Junior High School years is devoted to the elements 
of commercial and industrial geography, and no all-round regional 
study is given.. Children are again “ fed, clothed and sheltered ” as 
they have been perhaps several times in the earlier years of school 
geography. Owing to the lack of good texts and equipment and to 
the inadequate training of the teachers, this work often becomes less 
serious and satisfying than the work it displaces. 

Where regional geography is continued in the first year of the Junior 
High School, it is usually made somewhat commercial in flavor and 
fills a need that all recognize as worth while. At present the best work 
for Junior High Schools has yet to be found. The problem is before 
us and any consideration of science work, including geography, in 
secondary schools must take account of this movement and be organized 
accordingly. 

General Science is a title that today looms large in educational dis- 
cussion, and under it is included the work in science for the earlier 
years of the old type high school and the upper years of the newer 
Junior High School. Only six years ago a committee of the National 
Education Association® recommended a year course in geography for 
the first year of high schools, “ about one-half to be devoted to the 
larger topics in physical geography, and that the remainder of the 
year be given to a study of North America and Europe.” This recom- 


* Journal of Geography, Vol. VIII, No. 1, September, 1909, pp. 1-9. 
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mendation varied but little from those of a report made to this Asso- 
ciation in 1910.° 

Since then General Science, or Elementary Science, has come in 
with a rush so impetuous that even its promoters have been swept from 
their feet and have found some difficulty in readjusting themselves. 
The effect has been in many cases to crowd geography from the 
curriculum. 

The content of the course in General Science is generally determined, 
as is much of our work in elementary and secondary schools, by the 
available texts. Three types of courses are in vogue. One type in- 
cludes selected items from astronomy, biology, physics, physical geog- 
raphy, ete., in no necessary order or sequence—a sort of idealistic 
kaleidoscopic offering that is sometimes more “ general” or “ element- 
ary” than science. The second type consists of a course organized 
around physical geography, biology or physical science as a core, and 
includes special emphasis of the cross relations with other sciences, or 
parts thereof. By this plan of organization the unity of an individual 
science is minimized but not lost and the applications to life phe- 
nomena are brought out. The third type is more striking in that it 
involves cutting across all the sciences, ignoring the often meaningless 
classification of adults and organizing class work about selected ex- 
periences or phenomena that inquiring youth want to know about and 
which are worthy of systematic study. House sanitation, for instance, 
may involve topics from physics, chemistry, biology and geography. 

This is an illustration of the third movement in education of wide- 
spread significance—the project and the problem methods of teaching. 
Anyone who has noticed the interest that boys take in the popular 
magazines devoted to the presentation of recent progress in applied 
science, and has used materials from them as an introduction to a 
knowledge of the scientific principles involved, believes in the project 
method of teaching for his boy, however strong his conviction may be 
that boys in general should follow the straight and narrow, and usu- 
ally too steep paths of pure science. As one of the leading exponents 
of the “ project method ” of teaching General Science expresses it:*° 
“Organization of subject matter must be around the knowledge of 
the pupil, not around that of the teacher or syllabus maker. In sci- 
ence, as in other subjects, much of the subject matter dealt with today 
by the subject-study method is of such a nature that in out-of-school 
hours and in after-school years it remains unused and so is forgotten. 
This is not true of the project method. The knowledge which is the 
boy’s quest here is knowledge of which he sees the need. Being needed 


* Journal of Geography, Vol. VIII, No. 7, March, 1910, pp. 159-163. 


* John F. Woodhull: Science Teaching by Projects, School Science and Mathe- 
matics, Vol. 15, pp. 225-232. 
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and used, year by year, it will tend to be distinctly remembered. The 
project method in general science is more specialized than any portion 
of the college preparatory science, and like a dog pursuing a hare, it 
has a specific aim, albeit it jumps those useless boundary fences be- 
tween the various fields of science.” General Science, in other words, 
is a protest, based on psychological principles, against the unhuman- 
ized science that has worried pupils these many years in the earlier 
years of high school life. 

The project method of selecting units for study may be and often 
is employed without breaking the old-time boundaries of the several 
sciences. Within each science, as for instance geography, problems 
of human or personal interest may be selected, the solution of which 
leads to an understanding of the principles and facts of geography 
that are ordinarily presented in text-books in a formal order. To 
quote from one of the more recent presentations of this method of 
study: “A problematic situation, then, and not a recitation or a 
lecture demonstration or a laboratory exercise, should be the unit of 
instruction, excepting in the case of formal review lessons, and even 
the latter are better when thrown into problematic form. The aim of 
the student should be to arrive by correct scientific thinking and ex- 
perimenting at the solution of a significant problem, rather than to 
recite a lesson, or do a stunt in the laboratory for the rather uninter- 
esting purpose of getting a passable mark or escaping such disagreeable 
consequences as may be expected to follow a failure to satisfy the 
teacher’s demands. 

“This difference in the attitude of the pupil toward the unit of 
instruction may seem to some to be of little consequence so long as 
the pupils do the required work; but it is really the condition that 
determines whether the work of the instructor shall be real scientific 
teaching or mere perfunctory school keeping. It is the condition that 
determines whether the pupils are to get training that shall make them 
at home among scientific ideas and scientific or practical problems, 
or are merely to be crammed with words and processes that they can- 
not intelligently connect with things that are meaningful to them in 
life. * * * To effect his adjustment to his environment man 
must understand it—he must comprehend it; and herein lies the cen- 
tral motive for the study of geography. The process of adjustment, 
which is life itself, gives rise to multitudes of problems to be solved. 
Problems of vital utility and problems of absorbing intellectual interest 
grow directly out of the pupil’s daily life, and reach out to the distant 
parts of the earth and through millions of miles of space to the sun.” ** 

The problem method of teaching, founded on proved psychological 
principles, and advocated by our keenest philosophical thinkers in 


™G. R. Twiss: The Natural Sciences, in Monroe’s Principles of Secondary Educa- 
tion, Chap. XII. New York, Macmillan Company, 1915. 
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education, is making every educational worker in each great field of - 
study stop, look, think,—and then think again. 

The Junior High School is requiring an organization of high school 
geography work to meet a new need. General Science is crowding 
geography, or more properly physical geography, from its time-hon- 
ored place in the first years of high school work, and makes necessary 
a reconsideration of where geography shall be placed and what shall 
be taught. The recent development of the problem method of teach- 
ing—an old friend that the best teachers have long used unconsciously 
—is now becoming a rough tool for the beginner and the novice. 

As a result, geography, which we believe has worth that cannot be 
challenged, must be approached from a new standpoint. If the geog- 
raphers do not help in this reorganization and redirection of geog- 
raphy, the task will be taken from our hands and chaos may result. 
A study of the literature of geography teaching shows that many edu- 
cational leaders do not realize the significance or the beauties of the 
subject. They accept the table of contents of the formal texts on 
physical and commercial geography (of which nearly thirty different 
ones are now in use) as a digest of geography, not of special phases 
thereof, and either discard the subject as beyond redemption, or ac- 
cept it as something that must be endured. Few realize that there is 
any other geography than the physical and commercial geography of 
the last few years, though several reports advocating the development 
of regional geography, and the humanizing of physical geography 
have been widely distributed and much discussed in recent years. 

A study of the printed courses of study of 219 high schools from 
all parts of the country, of the answers to a series of questions received 
from 76 superintendents in large cities, of 24 replies to a similar ques- 
tionnaire sent to a much larger number of high school teachers,— 
selected mainly by members of this association as the best and most 
successful teachers they knew,—as well as 17 replies to a questionnaire 
sent recently to members of this association, shows emphatically that 
geography in high schools is in a rut and generally out of favor. 

The printed announcements of 219 high schools, incomplete as they 
are as to details, indicate that geography is increasing in significance 
only in business or commercial courses. Excursions and field work 
are offered in but few schools; laboratory work is noted but rarely. 
The most favorable fact is that in more than half the schools giving 
geography, five hours a week are devoted to it, a fact more character- 
istic of business courses than of other courses. The dry facts as to 
the status of geography are sufficiently discouraging, but the detailed 
reasons for the facts, as given by teachers and superintendents, are 
even more so. We can draw many conclusions according to our in- 
terests and points of view, as to why geography teaching is not more 
successful in secondary schools. We would all probably agree that 
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geography in secondary schools suffers because it is not tied up with 
the earlier work and leads nowhere. Geography in schools lacks unity 
of purpose and hence strength. We, as geographers, have been put- 
ting our approval on a type of secondary school geography in no way 
related to or based on the earlier school work. Students in the stress 
of secondary schools can have no working use of the details of their 
earlier years, unless those details are used in their regular work. 
When pupils have been exposed to no locational work for five or six 
years, certainly since they left the seventh grade of the elementary 
school, have college and normal school teachers a right to charge igno- 
rance of location as the chief geographical weakness of high school 
graduates? Have we been consistent or far-sighted? When teachers 
are seemingly unaware, as their replies would indicate, that there is 
anything new in methods of geography teaching, or that they need 
pay attention to educational principles or movements, can we wonder 
that geography is not, to put it mildly, a universally sought elective. 

We lament the poor teaching of geography in high schools and yet 
do not aid in its betterment either by showing how to get the real 
spirit of geography into the formal work, or by paying heed to the 
tendencies of educational thought. We cannot play ostriches any 
longer and be self-satisfied in our exposed isolation. Neither can we 
rightly criticize geography teaching in secondary schools as being bad 
when in most high schools, outside of a few large cities, the geography 
work is not sufficient to demand the full time of an adequately trained 
teacher. Today, as shown by the replies received from questionnaires, 
and in the report** of a study im the high schools of the Middle West, 
the special teacher of geography is rare. Of fifty-eight teachers of 
geography in fifty-three high schools, eight taught geography only, 
and these were all in one school. The specially trained teacher of 
geography is even rarer. Of the.fifty-eight teachers mentioned, only 
nine had had more than one year’s work in geography in normal school 
or college. Usually the teacher of geography teaches one or more 
other sciences, or some other subjects, perhaps physical training or 
stenography. The usual teacher of geography is a teacher of science 
or commercial subjects. 

The lack of trained teachers of geography in the high schools is 
not due to lack of supply so much as to a lack of demand. An in- 
creased demand will bring a supply. We must put a new spirit and 
a new content into high school geography. The testimony secured 
from all available sources shows that for the country as a whole high 
school geography is today in a slough of despond as deep as was the 
case before the revolutionary report of the Committee of Ten in 1893. 
Other subjects have responded to educational demands, but geography 
has changed but little in content or spirit, as the statistics as to the 


“E. EB, Ramsey: Physical Geography in the High School, School Science and 
Mathematics, Vol. 11, 1911, pp. 838-848; Vol. 12, 1912, pp. 45-54, 114-125. 
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text-books most used by untrained teachers indicate. There is a new 
physics and a new history, but geography has not kept pace with the 
subjects to which it is most closely allied. The most modern text- 
books of history, once a dry listing of events as formal as the asteroids 
that still find a place in some courses of physical geography, are today 
appealing presentations of the evolution of human institutions and of 
human public opinion. The authors are presenting human activities 
of the past against the background of the geographic conditions. The 
details of the history of old are there, but the emphasis is on their 
significance at the time and on their influence on future events. The 
modern text in high school history is a text almost in applied human 
geography. 

Meanwhile the old content of physical geography for secondary 
schools has persisted with but little change, or, if we have included 
any phases of applied geography in our texts we have often done so 
in a forced or perhaps even apologetic way. In recent years some 
teachers and writers have made significant advances in humanizing 
physical geography, but so great is the inertia of the past that no one 
has as yet put forth any complete constructive program for the future 
High School geography, which must be educationally sound, geograph- 
ically strong and broad, and really worth studying for the usableness 
of its content. It is in part due to the demand that geography shall 
be worth while that we owe the present tremendous significance of 
commercial geography, as yet not wholly devoid of its lists of “ furs, 
feathers, gums and resins.” 

Whether it be in physical or commercial geography, pupils in sec- 
ondary schools are today largely memorizing facts and principles, 
often with no conception of their relative significance or relationships, 
even when accompanied by so-called laboratory work. In fact the 
character of the often forced laboratory work has been, and still is, a 
large factor in making secondary school geography formal and remote. 
When a school program calls for two or three class periods a week, 
and a double laboratory period, as is often the case, work must be 
ready for the laboratory period, whether it is useful, pertinent or just 
‘busy work.’ Laboratory work for secondary school courses in physi- 
cal and commercial geography is often a strange mixture of the perti- 
nent and the impertinent. One problem may be too severe for a 
trained university graduate student to perform in the required time 
and the next may be so simple and obvious that it would be solved 
offhand by a bright child in the fourth grade of the elementary school. 
Exercises devoted to the identification of minerals and rocks, to the 
blind copying of maps from a text, or to the drawing of layers of a 
sand bank, so common in college entrance notebooks, indicate how 
abundant is ‘busy work’ with no relation to the course of study or 
the text-book. Certainly separate laboratory periods in the early 
years of the high school course are pedagogically unwise. In these 
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formative years training in how to study with the least waste, but 
not necessarily the least expenditure of energy, is a vital part of 
school work. The teacher should be free to teach every class period 
by such methods as will best promote the efficiency of his pupils and 
their advancement in understanding and appreciation of the subject 
involved. The study of geographical facts, either first hand or through 
some graphic representation of them, should be a constant feature in 
early geographic training and not a stunt set for a certain special time. 

Geography for secondary schools will in time be geography—and 
geography is not a synonym for physical or commercial geography. 
Geography is a human as much as it is an earth science. Its larger 
problems are human problems that involve a study not only of the 
influencing conditions of the physical environment, but of the economic 
and social conditions that may be as basic as the physical conditions. 
These larger problems are not wholly commercial or industrial. Com- 
mercial geography bears about the same relation to human geography 
that the physiography of the land or water does to physical geography. 
It is only a special phase of the larger subject, but a phase that cannot 
be ignored in any complete study. 

Some problems of human geography are so inclusive and involved 
that they can only be efficiently handled by a past master in the sub- 
ject. Others are so simple and personal and appealing that they have 
long formed a part of the work in the early years of the elementary 
school. It is possible to select a series of problems in human geog- 
raphy, adapted to the needs, interests and abilities of adolescent pupils, 
and through the study of such problems to develop the principles of 
human and physical geography. Real problems appreciated by the 
pupils as worth solving at the time need not be merely of temporary 
interest or value. The simpler and more personal problems may serve 
as an introduction to larger, less personal but no less interesting na- 
tional or international problems until one comes to the limits of powers 
of secondary pupils. Pupils who leave the secondary school with an 
interest in the larger problems still before them, and with a knowledge 
of how to approach these problems in later years, are, at least in part, 
prepared for their life task, which will consist of solving problems. 
An interest in and an ability to attack problems of the intellect are 
contributions to life preparation and life satisfactions devoutly to be 
sought as purposes in education. Geography is a vibrant and not a 
static science. Its scope and limits are not fixed; it is a life science 
dealing with living things and evolutionary forces. 

Our secondary texts and courses of study have unconsciously been 
framed to give pupils the impression that the subject is fixed, definite 
and complete—and that there is nothing more to be learned beyond 
the cover of the given book. Our methods of teaching have confirmed 
pupils in the belief and the hope they will not be disappointed in the 
belief. 
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The problem method of approach enables us to deal with the same 
basal content, so as to make it a life-giving and thought-provoking 
subject. Further, this method will minimize the deadening influence 
of pure memory work which so long was considered as the main phase 
of teaching. Facts and principles will be remembered because they 
are useful and because they are properly associated psychologically. 
‘ Discipline’ will be secured through the efficient training of the en- 
quiring mind in solving scientific problems, and the methods of work 
employed will make easier the study of other sciences approached in 
the same way. 

This vitalized geography will be organized according to educational 
principles and will make use of the methods of teaching known to be 
best adapted to adolescence. Laboratory work, recitations, quizzes, 
or any other desirable plan will be brought in when most serviceable. 
The development of the individual and class will go hand in hand 
with the development of the subject and not lag so far behind that it 
may be forgotten as a purpose in teaching. The preceding General 
Science will lay a foundation of content and method for humanized 
geography, and the breaks between the sciences will be less obvious 
than at present. The classifications and categories, so beloved by the 
adult expert, will be introduced as they are needed and can be used 
in an understanding way. The classes of land forms that are intelli- 
gible only to the adult trained in structural geology will be dropped 
from our secondary texts and courses of study. The principles of 
climatology will receive greater emphasis and the significant general- 
izations of human geography will be made prominent. 

The new geography will lead pupils to appreciate the physical, eco- 
nomic and social causes underlying the consequences seen in human 
and life geography, so far as their age and powers will permit. This 
new geography will find its application in history, in economics and 
the other distributive subjects. Location will come back because the 
course will deal with facts and relations placed somewhere, and cen- 
tering around some human group and its problems. Being a subject 
of value in the interpretation of human affairs, in making clear the 
story of the past as well as the conditions of the present, it will be 
used in other subjects. The historians have already shown a way in 
which geography can be made serviceable to them. Perhaps the 
geography teacher of the future in many secondary schools will be 
the teacher of history or economics—certainly he would probably be 
more effective than a teacher of typewriting or commercial law. 

This in brief is the general plan of the geography in high schools in 
the near future, as many educators and geographers see it. Some 
teachers have been teaching this type of geography for several vears 
in spite of the difficulties confronting them. They are the forceful 
few, who have caught the spirit of modern geography and, trained in 
its content and in education, have dared to experiment. 
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Any effective reorganization of high school geography to meet “ the 
situation that confronts us,” the beginning of a revolution in geog- 
raphy teaching as epochal as that of the Nineties,—depends on many 
practical factors. We must have text-books in human and physical 
geography organized scientifically and better unified than many of 
the current books on commercial geography. As the new geography 
will involve the study not only of the distribution of people but of the 
forms of life on which humanity depends, and will incude a study of 
countries as well as people, we must have an adequate school atlas for 
America, similar to but yet different from those available in several 
countries abroad. We must have class-room guides involving the study 
of other geographic materials than text-books and atlases and yet not 
wholly dependent upon topographic maps, agricultural bulletins and 
census reports, which are often mere makeshifts for the real thing. 
Finally we must have teachers of proper training, who have caught 
the spirit of geography and of modern education, and who want to 
teach youths geography and not merely some phase of geography to 
youths. The demand for teachers of this type, which already in fact 
exists, may involve our colleges and normal schools, few of which as 
yet pay much attention to geography.’* Perhaps, the day will come 
when the paths blazed by a few colleges, and relatively fewer normals, 
in real geography teaching will be more generally followed and geog- 
raphy will come to its own in American education. The opportunity 
and demand are here, the responsibility confronts us. Self-preserva- 
tion, and the increasing number of geographers who are winning their 
way to the front through their studies of life geography, would seem 
to suggest the lines of advance we should follow. 

Geography cannot be what it should if educational leaders, untrained 
in geography, are to direct its future course. Neither can a geogra- 
pher develop his subject to its highest degree if he looks at it only 
from the window that has given him the most pleasing vistas of the 
science and pays no heed to the subject as a whole, or to the new 
conditions that modern educational science has brought about. Knowl- 
edge is becoming more and more specialized; progress is being made 
so fast in all sciences that the all-round naturalist, able to teach any 
science well, is almost an impossibility. Modern education is a sci- 
ence and an art. It is the necessary handmaid of all subjects that 
should enter into the training of youth. Let us then seek its aid. 
With our eyes turned ever toward the ideal, and yet recognizing that 
it is a practical problem before us, let us take such steps into the future 
as the best testimony of all interested, specially trained experts in 
the several cooperating sciences, warrants. Then geography, being 
proved of value and not merely taken on authority, will come into its 
own in all phases of education. 
~ 3A Study of Geography in Normal Schools, Teachers College Record, March, 
1914, pp. 1-12. 
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INTRODUCTION. 


Demand for Natural Divisions.—A number of attempts have been 
made to divide the United States into natural or physical units 
which should be as nearly as possible homogeneous with respect to 
certain criteria. Recent demands for such a division of the United 
States have come from various sources. Within four weeks such 
requests came to the United States Geological Survey (or its mem- 
bers) from the Forestry Bureau, the Division of Pomology (United 
States Department of Agriculture), a state geologist engaged 
in economic work, and from several geographers. In educational 
work there is constant need of a scheme of natural divisions which 
may be described or explained as units. 

Official surveys, State and National, are annually describing a large 
number of smal] areas. In most cases some attention is given to the 
geographic setting of such areas and to physiographic description or 
explanation. Such chapters or paragraphs are commonly headed 
Geography, or Physiography or Topography. In describing a quad- 
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rangle, county, or other area, it is common to refer it to some larger 
area, generally called a province, though that word has been used very 
loosely. The implication of this, beside merely locating the field, is 
that the province is recognized as having certain characteristics and 
that in locating the field within it, a general impression of the char- 
acter of the smaller area is imparted. The province, with its known 
characteristics, is mentioned chiefly to give a setting for the smaller 
field. When used in this way, the value of the province depends 
largely on its homogeneity. 

Work of the Association of American Geographers.—For several 
years past the Association of American Geographers has interested 
itself in the work here proposed. Two lengthy papers were presented 
at the Princeton meeting in December, 1913, and published in the 
Annals of the Association, Vol. IV, 1914." At the Chicago meeting 
of the Association in December, 1914, a round-table conference was 
devoted to the subject. 

Following these events a committee was appointed to devise a sys- 
tematic division of the United States. This committee consists of 
Messrs. M. R. Campbell and F. E. Matthes of the United States Geo- 
logical Survey, Professors D. W. Johnson of Columbia University, 
Eliot Blackwelder of the University of Illinois (formerly of Wis- 
consin), and Nevin M. Fenneman of the University of Cincinnati 
(chairman). The detailed work of this committee was performed 
largely by a subcommittee consisting of Messrs. Matthes, Campbell 
and Fenneman. From December 20, 1915, to April 20, 1916, this 
subcommittee sat from three to four half-days per week. Between 
these sessions information was sought and counsel taken from a large 
number of geologists selected because of special familiarity with vari- 
ous parts of the United States. 

The results of the above committee’s work are incorporated in a 
map of the United States (Plate I) showing divisions of three orders, 
called respectively, major divisions, provinces, and sections. This 
map, together with the naming and classification of the several units, 
constitutes the committee’s report. This report is unanimous except 
on several points to which exception is taken in footnotes to this 
paper. Such footnotes will be found on pages 32 and 59. This 
paper (except as to the items named above) is not a part of the com- 

*W. L. G. Joerg: The Subdivision of North America into Physiographic Regions, 
Annals of Assoc. of Amer. Geogr., Vol. IV, 1914, pp. 55-84. This paper dealt more 
particularly with divisions of a more generalized character, based not on physi- 
ography alone, but even more on vegetation as the result and index of physiography 
and climate. 

Nevin M. Fenneman: Physiographic Boundaries within the United States, 
ibid., pp. 84-134. This paper was accompanied by a proposed preliminary 
map. Most of the boundary lines given on that map are retained on the map here 
presented, Plate I, though some are changed in rank and many new lines are added. 
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mittee’s report. It is believed by the writer, however, to agree gen- 
erally with the committee’s judgments. No member of the committee 
would claim finality for this work, especially as to the exact locations 
of boundary lines. Minor changes in this respect are to be expected 
with increasing knowledge. Some new divisions may be recognized 
and subdivisions of lower orders are to be expected. ‘There is, on the 
other hand, little reason to doubt that nearly all of the divisions here 
given will continue to be recognized and distinguished from their 
neighbors on the basis here given. 

The committee’s responsibility ends with the United States, but 
most of the major divisions and many of the minor ones extend into 
Canada or Mexico. It was necessary, therefore, to give considerable 
study to those countries when dealing with units which overlap inter- 
national boundaries. As the result of such a study it is confidently 
expected that when the time comes to delineate the physiographic 
divisions of the continent of North America, those now set forth for 
the United States can be incorporated without change. 

General Principles.—Necessarily the first consideration of the com- 
mittee pertained to the basis or criterion of division. It is not enough 
to say that a division shall be natural or even physiographic. Various 
elements enter into the “nature” and “ physiography ” of an area. 
It is plain that the division of a continent or country into its natural 
units will depend on what elements of nature are considered as domi- 
nant. An area may be homogeneous, that is, it may be a unit with 
respect to one element or principle, and heterogeneous with respect to 
another. The point of view from which this paper is written may 
best be made clear by a few general principles: 

(1) Physiography is the science which treats of the earth’s surface. 
It is therefore an essential part of the more comprehensive science of 
geology which treats of the earth’s crust in all its aspects. Both 
sciences have their descriptive, dynamic and historic phases. Struc- 
ture, in so far as it affects topography, belongs equally to both sciences. 

(2) Surface forms are determined by (a) structure, (b) process, 
and (c) stage. In this formula by Professor Davis the word struc- 
ture indicates the product of all constructional agencies. It includes 
the nature of the material, its mode of aggregation and even the form 
before the work of erosive agencies begins. In other words, it stands 
for that upon which erosive agents are, and have been, at work. 

The second factor, process, refers to the erosive agency by which 
the original structure is being destroyed. It may be normal erosion,” 
~ ? The term “ normal erosion” is plainly open to criticism on the ground that one 
mode is just as normal as another, but no other satisfactory term has been proposed. 
The term “stream erosion” excludes the very important work of unconcentrated 


wash: “ water erosion” would include the work of waves on shores, which must be 
treated as a distinct type. 
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glacial, wind or wave erosion. Each of these processes produces its 
own characteristic forms, differing according to the structure upon 
which it acts. The third factor, stage, indicates that in the destruc- 
tion of a land form by any one of the above-named processes, the form 
passes through a regular cycle of changes as the work progresses. 
Each stage has its own characteristics, differing according to the pro- 
cess at work and the structure involved. A type of topography may 
therefore be designated by stating the initial structure, the erosive 
process at work and the stage reached in the cycle. 

In general, any difference in structure, process or stage will reveal 
itself in a difference of resultant forms. (The only important ex- 
ception to this is that perfect peneplains would be much alike, what- 
ever the structure.) The converse of this principle is likewise true, 
namely, that any difference between two land forms results from some 
difference in structure, process or stage. Briefly stated, these consti- 
tute the history of a topographic form. While structure itself is not 
an event, it nevertheless conditions all events so that it is impossible 
for the same erosive processes to advance in the same manner where 
structures differ. It may, therefore, be stated in general terms that 
two areas having different topographies have had different physio- 
graphic histories. 

The physiographic history of the United States may be thought of 
as a great number of events, constructional and destructional, each 
affecting a certain area, large or small; of uniform or diverse struc- 
ture; in general, no two events affecting exactly the same area, but 
overlapping, some much, some little. Within the area affected by one 
event, the topography will differ in different parts; it may be because 
of differing structure or because of the complicating effects of other 
events. 

Following this reasoning, it would seem at first that the surface of 
the United States would be subdivided into an almost infinite number 
of small units distinguished by diverse histories and topographies. 
The number of crustal movements, erosion cycles and interrupting 
events has indeed been very large, but the final result is greatly sim- 
plified by the obliteration of older effects by later events. The making 
of the last peneplain destroys all former topographies; and the topo- 
graphic effect of glaciation may dominate al] other forms. Structure 
is the one thing that persists and, though dating from early geologic 
time, may continue to dominate the topography. When this is re- 
membered, it is not surprising to find that strong topographic con- 
trasts between large areas are more often caused by structural contrasts 
than by different agents of erosion or different stage in the cycle. 
Thus, many well-marked topographic divisions can best be defined by 
stating that they are coextensive with certain elements of structure. 
Physiographic Maps.—In depicting the physiography of a continent 
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(including of course its genesis) at least two kinds of maps are de- 
sirable. The first would distinguish the areas affected by the great 
events of physiographic history (e. g., the Appalachian uplift, the 
Kittatinny peneplain, the several glacial invasions, the late Tertiary 
lava flows, the alluviation of the Great Plains). The second kind of 
map would distinguish the present aspects of the surface, altitude and 
style of topography being the chief elements considered. The first 
kind of map (or rather a series of such, made necessary by the com- 
plex overlapping of the areas) would depict the main points in the 
physiographic history of any locality. The second type of map repre- 
sents the end product of all events and conditions. On such a map 
it may generally be said that the surface of each areal division is 
characterized by a certain structure and a few dominant events, so few 
that the effects of each are still apparent. If, on a map of the first 
kind, the area affected by each event be narrowed to that in which 
the effects of that event help to dominate the topography, overlapping 
will, to a large extent, disappear and the divisions shown on the first 
map will approach those of the second map. 

It is evident that of these two kinds of physiographic maps, the 
second is relatively easy to draw, since it involves chiefly a knowledge 
of present-day forms. But it is not to be inferred that the kind of 
knowledge referred to is merely empirical, such as would class the 
High Plateaus of Utah with the Wasatch Mountains because they are 
equally high and their slopes perhaps equally rugged, or the Triassic 
lowland of New Jersey with the Coastal Plain. Although the physi- 
ographer in preparing such a map takes account of forms, he never- 
theless considers these forms as the products of certain events which 
have taken place on certain structures. The unity or homogeneity of 
a province is not in mere external similarity of forms, but is such as 
to make it possible to explain the topography of the entire area in a 
consistent account of its history. If the end products of two diverse 
histories are superficially similar, it is none the less necessary to dis- 
tinguish them on the map in order that their physiographic relations 
may be pointed out. In like manner it may happen that the map 
includes, in one province, forms which are superficially diverse, be- 
cause of their physiographic relationship. Such is the case with the 
hilly inner edge and the flat outer edge of the Coastal Plain. Hence, 
in making form the primary basis of subdivision, it is understood to 
be form as the result of certain processes. Otherwise the descriptions 
must be merely empirical. 

For a large part of the United States, maps of the first kind have 
not yet been drawn and are impossible in the present state of knowl- 
edge. Their construction waits on accurate topographic surveys and 
detailed physiographic studies. 

All the above considerations are concerned with the history of a 
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province, or what is nearly the same thing, with the explanatory de- 
scription of its topography. For both these purposes their usefulness 
is in proportion to their unity. The great end desired is that in each 
case the maximum number of general statements may be made with 
the minimum necessity for considering details and exceptions. It is, 
however, a matter of codrdinate importance that these divisions shall 
also be useful in the consideration of the effect of topography on human 
affairs. Thus the consideration of physiographic divisions looks both 
ways—backward to geology and forward to geography. With refer- 
ence to the former, topography is an effect; with reference to the latter 
it is a cause. In geology, topography is an end product; in geography, 
with its various biologic and economic phases, it is a point of departure. 
The demand for physiographic provinces has naturally been strongest 
among geographers and others whose work is based on such distine- 
tions; but to determine what these units are and to define and delimit 
them must be largely the work of geologists. 


Nature of Boundary Lines.—In speaking of the criteria by which 
provinces are distinguished, a distinction must be made between the 
essential characteristics of the province and the basis on which the 
exact boundary is determined. Ideally, it would seem that the line 
should be drawn where the characteristics of one province leave off 
and those of the next begin. If every case were simple, if there were 
no gradations, no odds and ends of doubtful or neutral character, if 
no generalizing were necessary, if a province were characterized by 
just one essential, or if the several leading characteristics of an area 
were coextensive, it would be easy to draw the line as stated above. 
In practice it happens that a province may be so strongly character- 
ized as to compel the recognition of its individuality, though, its 
boundary may be very indefinite, or the characteristics may come to 
an end one by one. This is illustrated in the boundary between the 
Great Basin and the Columbia Plateau, two of the most strongly- 
individualized provinces of the United States. In delimiting one 
from the other (see p. 84), it is impossible to draw the entire boundary 
by any one criterion. The practice followed in making the divisions 
here presented has been to determine, first, whether a given region 
deserves recognition and then to choose the boldest or the most con- 
sistent line available. It may thus happen that the major divisions 
are locally separated by very poorly defined lines while nearby lines 
separating minor divisions may be very bold. 

The boundaries of most of the units in the system here presented 
correspond more or less exactly to geologic lines which indicate the 
reasons for the contrast in elevation or style of topography. Fre- 
quently such geologic lines may be regarded as interpretative. For 
example, the eastern boundary of the Cumberland Plateau not only 











ae 





26 N. M. FENNEMAN—PHYSIOGRAPHIC DIVISIONS OF UNITED STATES 


agrees with the edge of the Carboniferous strata, but is to be explained 
by it. A similar relation exists between the western boundary of the 
Texas coastal plain and the Balcones fault. In like manner most of 
the sections of the Central Lowlands are separated by lines which 
mark the limits of drift sheets. Most of the lines are subject to some 
such interpretation related to the underlying rocks, that is, to structure 
in the broad sense used by Davis. 

In a few cases the contrast of topography or elevation between adja- 
cent divisions is not accompanied by, or dependent on any structural 
feature or difference in materials. Such topographic contrast may 
indicate different stages in the erosion cycle. This is illustrated by 
the east foot of the Blue Ridge and a few other escarpments which 
follow no interpretative lines. Some lines are arbitrary. Some of 
these follow natural lines, arbitrarily chosen, as the Missouri River is 
chosen to delimit the Ozark Plateaus on the north, or the Wabash 
River to separate the Till Plains from the Eastern Lake Section of the 
Central Lowland. Others, like the line cutting off the Floridian Sec- 
tion of the Coastal Plain, are merely straight lines, which, within 
limits of a number of miles, might as well be drawn at one place as 
another. The Floridian Section is a good example of a strongly ch&r- 
acterized division, deserving recognition, but not capable of separation 
from its neighbor by any well-marked line. 

All lines are necessarily generalized, owing to the scale of the 
base map. The determination as to whether a certain point near 
a boundary lies in one division or the other must rest ultimately on 
the definition and description of the several units and not on the 
accuracy of the map maker. Where the boundary between a high 
plateau and a low one is exceedingly irregular, like the western escarp- 
ment of the Cumberland Plateau, the flat promontories are portions 
of the higher province and the flat valleys intervening are portions of 
the lower province. They should be so represented on maps of suffi- 
ciently large scale. 

The nature of topographic boundaries is such that exactness is pos- 
sible only within limits. The limits may be a few feet or a few miles. 
Where the natural boundary is vague it is not well to use categorical 
language in speaking of localities which are close to the generalized 
conventional boundary line. Probably much more than nine-tenths 
of the area of the United States can be spoken of unequivocally as 
lying in one province or another, but the remaining fraction must 
be spoken of in terms which suggest gradation or in some cases even 
uncertainty. A few concrete cases will illustrate the spirit of this: 

On the map (PI. I) the Laurentian Highland in northeastern Min- 
nesota is separated from the Western Lake Section of the Central Low- 
land by a broken line which ignores all detail. This is because the 
characteristics of the Laurentian Highland disappear not only gradu- 














































MAJOR AND MINOR DIVISIONS 27 


ally but interruptedly. The two provinces are, so to speak, interlocked 
(p. 65). To follow the map rigorously and speak of places near the 
line as belonging categorically to one province or the other without 
suggesting the gradation, would leave a false impression. Such a 
locality may well be described as lying in the zone of gradation but 
related by its character to one or the other province. This does not 
invalidate the Laurentian Plain as a major division of the continent, 
but it acknowledges the local weakness of the boundary. 

Hamilton County, Ohio (containing Cincinnati), lies wholly within 
the technical limits of the Till Plains (see p. 66). But in order to 
leave a correct impression it is necessary to state that the area con- 
sidered is on the southern border of the Till Plains where their char- 
acter gives way gradually to that of the Interior Low Plateau. 

A number of counties in eastern Nebraska may well be spoken of 
as “in the zone where the Central Lowland merges into the Great 
Plains,” tho they may be said to be on this or that side of “ the line 
conventionally taken as the boundary” (see p. 61). 

To speak of the Joplin District in southwestern Missouri as within 
the Ozark Plateau would be technically correct if the customary con- 
ventional limit is used (see p. 66), but to use language implying cate- 
gorical distinctions and sharp outlines would leave an exaggerated 
impression of the difference between this county and the adjoining 
county in the Osage Plains of Kansas. 

A further result of generalization is the occurrence of outliers or 
inliers. The Black Hills, Little Rockies and Highwood Mountains 
are of the same types as some of the Rocky Mountains, but if a Great 
Plains province is justified at all it must completely surround and 
include these isolated mountains. They themselves are not “ plains,” 
but they are in the Great Plains province, being exceptional features 
of it, and not a part of the Rocky Mountain province in the sense here 
used. 


Major and Minor Divisions.—The continent of North America is first 
divided into eight strongly characterized parts, all of these being repre- 
sented in the United States and all but two of them in Canada. These 
are here called major divisions. The term “ division” cannot, how- 
ever, be restricted to this one sense. Units of the next smaller order 
are here called provinces, many of them having borne that designation 
for a long time. Units of the third order are here called sections. 
The word district is here used for divisions of low, generally unde- 
termined order whose boundaries are as yet undefined. 

The basis on which the major divisions are distinguished is not 
essentially different from that which is assumed in distinguishing the 
smaller units. It is easier, however, to correlate the major divisions 
with the great constructional events of geologic history. Differences 
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based on erosional histories may be relatively more important in dis- 
tinguishing the units of lower order, but the bases recognized in the 
two cases differ only in degree. The distinction is not absolute. 

All orders of divisions rest ultimately on existing differences in 
topography and elevation. But the differences considered are those 
which pertain to physiographic types and not merely superficial ap- 
pearance. It would be difficult to formulate a rule to determine which 
units should be made major and which minor. Size can not be wholly 
ignored. The degree of unity or complexity is probably more im- 
portant. Closely related to this is the strength of the characteristics 
or individuality of an area. Concerning the satisfactoriness of cor- 
relations made by such indefinite criteria it can only be said that, while 
the recognition and the delimitation of most of the units involved much 
discussion and conference in the committee above mentioned (p. 21), 
there was little difference of opinion concerning the rank to be assigned 
to each unit. 

The Naming of Divisions.—So far as possible each division of what- 
ever order has been given a proper name and a topographic designa- 
tion. In a few cases the proper name is replaced by such terms as 
“central” or “ interior,” or by other distinctive terms as in case of 
the Dissected Till Plains. In some cases the proper names are applied 
in their customary sense, e. g., the Rocky Mountain and Appalachian 
divisions, or the Piedmont and Ozark plateaus. In other cases it has 
been necessary to take a proper name from an important city or other 
feature in the larger area, e. g., the Walla Walla plateau and the Salton 
trough. 

In all cases where the name is descriptive, it is assumed to desig- 
nate the most prominent characteristic of the area and not the char- 
acter of the whole. Thus the Great Plains Province is by no means 
all great plains, nor are the Appalachian Highlands all highlands. 

Where topographic character is so varied or complex that any single 
descriptive term would be misleading, the proper name is followed by 
the mere word province, e. g., the New England province. 


Classified List of Divisions 


The tabular summary (pp. 30-35) shows the divisions of the several 
orders in classified form. The provinces are numbered consecutively 
and the sections of each are lettered. These numbers and letters corre- 
spond to those on the map, Plate I, on which each section bears the 
number of its province and its own letter. In the column headed 
“ characteristics,” exactness of detail is necessarily sacrificed to 
brevity. Characteristics are stated wherever possible in terms of a 
genetic classification of land forms in order to convey to physiographers 
the best mental pictures in the fewest words. 
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PHYSIOGRAPHIC DIVISIONS 


PROVINCE 


1, Superior Upland...... .. 
2. Continental Shelf..... .. 








c 
. Coastal Plain......... | 





4. Piedmont Province... . 


5. Blue Ridge Province. . . 


6. Appalachian Valley 


7. St. Lawrence Valley... 


8. Appalachian Plateaus . 





9. New England Province 





*In the report of the Committee this is called the unglaciated section of the 
Allegheny Plateau, and the Kanawha Section is not made a part of the Allegheny 


. Embayed section............. 
. Sea Island section............. 
. Floridian section.............. 
. East Gulf Coastal Plain....... 
. Mississippi Alluvial Plain...... 
. West Gulf Coastal Plain....... 
. Piedmont Upland............. 
. Triassic Lowland............. 
. Northern section.............. 


. Southern section.............. 


a. 
: POND CRON. os boos ov cece 
ene 
C. 
. Champlain section............ 
| . Northern section.............. 
. Mohawk section.............. 
. Catskill section............... 
. Allegheny plateau, 
d. Allegheny plateau, 
. Allegheny plateau, 
. Cumberland section........... 
. New England Upland......... 
b. White Mountain section....... 
. Green Mountain section....... 
- Taconic section............+. 


(10. Adirondack Province.. .. 






























SECTION 


Hudson Valley............... 


glaciated section............ 
Conemaugh section*........ 


Kanawha section........... 














TABULAR SUMMARY 


OF THE UNITED STATES 


1. 
2. 


3a. 
3b. 
3c. 
3d. 
3e. 


3f. 


4a. 
4b. 
5a. 


5b 


6a. 
6b. 
6c. 
7a. 
7b. 
8a. 
8b. 


8c. 


8d. 


8e. 
Sf. 


9a. 
9b. 


9c. 


9d. 


10. 


CHARACTERISTICS* 
Submaturely dissected, recently glaciated peneplain on crystalline rocks of com- 
plex structure. 
Sloping submarine plain of aggradation. 
Submaturely dissected and partially submerged, terraced coastal plain. 
Young to mature terraced coastal plain with submerged border. 
Young marine plain: sandhills, swamps, sinks and lakes. 
Young to mature belted coastal plain. 
Flood plain and delta. 
Young, grading inland to mature, coastal plain. 
Submaturely dissected peneplain on disordered resistant rocks; moderate relief.> 
Slightly uplifted peneplain on inclined weak strata; residual ridges on volcanic 
Matunde Ghisketed mountains of crystalline rocks; accor dant altitudes. 
Mature to subdued mountains of disordered crystalline rocks. 
Second-cycle mountains of folded strong and weak strata; valley belts predomi- 
nating over even-crested ridges. 
The same, but with even-crested ridges predominating over valley belts except 
on southeast side. - 
Glaciated peneplain on weak folded strata. 
Rolling lowland, glaciated; in part covered by young marine plain. 
Young marine plain with local rock hills. 
Maturely dissected, glaciated plateau; varied relief. 
Maturely dissected, plateau of mountainous relief and coarse texture (glaciated) . 
Submature, glaciated plateau of moderate to strong relief. 
Submature plateau of moderate to strong relief. 
Mature plateau of fine texture; generally strong relief. 
Submaturely dissected plateau of moderate to strong relief. 
Dissected and glaciated peneplain on disordered rocks; monadnocks. 
Monadnock group of late mature glaciated mountains of crystalline rocks. 
Linear ranges of subdued and glaciated mountains and residual plateaus. 
Maturely dissected and glaciated mountains and peneplain of resistant com- 


plexly folded strata. 
Subdued mountains and dissected peneplain, glaciated. 


a—Prepared by Nevin M. Fenneman and Douglas W. Johnson. 

*—Degrees of relief are herein spoken of as low, moderate, strong and high. 
As used here high relief is measured in thousands of feet; moderate relief in hundreds 
of feet. Strong relief may be anything approaching 1,000 feet with a wide latitude 


on both sides. 
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PHYSIOGRAPHIC DIVISIONS OF 
MAJOR DIVISION PROVINCE SECTION 
(a. Highland Rim Plateau........ 
>. Lexington Pisim........6..020% 
c. Nashville Basin............... 


11. Interior Low Plateaust; 


id. Western (unnamed) section... . 


(a. Eastern lake section........... 


> 


Western lake section.......... 








. Wisconsin Driftless section .... 
12. Central Lowland...... 4 


Interior Plains. ...... 4 e. Dissected Till Plains.......... 


: 
: 
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(a. Missouri Plateau, glaciatedt. . . 
. Missouri Plateau, unglaciated.. 
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f. Colorado Piedmont........... 
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13. Great Plains Province. { 
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Ns i cecbe cnndcsee 
Edwards Plateau............. 
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k. Texas Hill section............. 
{* Springfield-Salem plateaus. ... . 
b. Boston “Mountains”.......... 


14. Ozark Plateaus........ 


I nterior Highlands§. . . 
a. Arkansas Valley.............. 
15. Ouachita Province. ... 
b. Ouachita Mountains.......... 
16. Southern Rocky 
os hbase ewsendicn ctueehdamkhr chm ee eke 
Rocky Mountain ee ss, we scicpins bwded eases ces erabonees 
BL Oa 
18. Northern Rocky 
i IES ALES See ae ET De ae oe eee 


t In the report of the Committee, this is called the Highland Rim Province. 
Messrs. Campbell and Matthes do not agree to the exclusion of the entire pro- 
vince from the Appalachian Highlands. They believe this province should be divided 
into two, and that the eastern portion, including the Lexington Plain and Nashville 
Basin should be included in the Appalachian Highland. (See footnote, p. 59, for 
comment on classification and name.) 

- t In the report of the scamaaines this is called the ‘‘ Glaciated section of the Great 
ains.’ 
§ In the report of the committee this division is called Ozarkian Highlands. 
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13e. 
13f. 
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13h. 
13i. 

13k. 
14a. 
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lla. 
11b. 
Ile. 
11d. 
12a. 
12b. 


12d. 


13a. 


13b. 


13d. 





TABULAR SUMMARY 


THE UNITED STATES —Continued 


CHARACTERISTICS 
Young to mature plateau of moderate relief. 
Late mature to old plain on weak rocks; trenched by main rivers. 
Late mature to old plain on weak rocks; slightly uplifted and moderately dissected. 
Low, maturely dissected plateau with silt-filled valleys. 
Maturely dissected and glaciated cuestas and lowlands; moraines, lakes, and 
lacustrine plains. 
Young glaciated plain; moraines, lakes, and lacustrine plains. 
Maturely dissected plateau and lowland invaded by outwash plain. (Margin of 


old eroded drift included.) 
Young till plains; morainic topography rare; no lakes. 


. Submaturely to maturely eroded till plains. 


Old scarped plains beveling faintly inclined strata. 

Glaciated old plateaus; isolated mountains. 

Old plateau; local badlands; isolated mountains. 

Maturely dissected domed mountains. 

Broad inter-valley remnants of smooth fluviatile plains. 

Maturely dissected plateau. 

Late mature to old elevated plain. 

Trenched peneplain surmounted by dissected, lava-capped plateaus and buttes. 
Late mature to old plain. 

Young to submature plateau of moderate to strong relief. 

Plateau in maturity and later stages of erosion. 

Submature to mature plateaus. 

Submature to mature plateau of strong relief. 

Gently folded strong and weak strata; peneplain with monadnock ridges. 
Second-cycle mountains of folded strong and weak strata. 

Complex mountains of various types; intermont basins. 

Elevated plains in various stages of erosion; isolated low mountains. 


Complex mountains of various types; intermont basins. 
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MAJOR DIVISION 


. Colorado Plateaus..... : 
Intermontane Plateaus 





. Basin-and-Range 
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. Pacific Border Province; 








PHYSIOGRAPHIC DIVISIONS OF 


PROVINCE SECTION 
a. Walla Walla Plateau.......... 
b. Blue Mountain section........ 
. Columbia Plateaus....{c. Payette section............... 


d. Snake River Plain............ 
j Meee SONNE... . 5c aseces 


. High Plateaus of Utah........ 


@ 


ss f& 


|p MD SII, owiatdeoecseessnne 


p Coreen R. . S. ccc cccks 


a oe 


- Navajo section..........0..:. 


. Grand Canyon section......... 
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a. Oregon Lake section.......... 
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e. Bonoran Denett...........005 
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e. Mexican Highland............ 
f. Sacramento section........... 


a. Northern Cascade Mountains. . 
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. Middle Cascade Mountains... . 
. Southern Cascade Mountains. . 
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. Olympic Mountains........... 
Oregon Coast Range.......... 


a 9 


. Klamath Mountains.......... 
. California Trough............. 
. California Coast Ranges....... 
. Los Angeles Ranges........... 
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20f. 


21f. 








19a. 
19b. 
19¢. 
19d. 
19e. 
20a. 
20b. 
20¢. 
20d. 
20e. 


21a. 
21b. 
21c. 
21d. 
21e. 





TABULAR SUMMARY 


THE UNITED STATES—Concluded 


CHARACTERISTICS 
Rolling plateau in youth of present cycle. 
Complex mountains and dissected volcanic plateaus. 
Young plateaus of prevailingly weak rocks; broad alluvial terraces. (Applies to 
tanta” 
Young lava plateau; canyons in northwest part. 
High block plateaus; in part lava-capped; includes terraced plateaus on south 
Dissected plateau; strong relief. 
Young to mature canyoned plateaus; high relief. 
Young plateaus; scarps and rock benches; grades into 20c. 
High block plateaus, trenched by Grand Canyon. 
Lava flows entire or in remnants; volcanic necks. 
Young block mountains and lake basins. 
mer = ot eat dissected block mountains) separated by aggraded 
Ww idee muuted short ranges in desert plains. 
Desert alluvial slopes and delta plain; Gulf of California. 
a bye 6 ly (probably dissected block mountains) separated by aggraded 
Mature block mountains of gentle dip; block plateaus; bolsons. 


. Sharp alpine summits of accordant height; higher volcanic cones. 

. Generally accordant summits; higher volcanic cones. 

. Volcanic mountains variously eroded; no very distinct range. 

. Block mountain range tilted west; accordant crests; Alpine peaks near east side. 


. Lowlands of diverse character; in part submerged. , 


. Generally accordant crests; local alpine peaks. 

. Uplifted peneplain on weak rocks, dissected; monadnocks of igneous rock. 

. Uplifted and dissected peneplain on strong rocks; extensive monadnock ranges. 
. Low fluviatile plains. 

23f. 
23g. 


Parallel ranges and valleys; rounded crests of subequal height. 
Narrow ranges and broad fault blocks in various states of dissection, 
Dissected west-sloping granite upland (in northern part). 
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DEFINITIONS. 


The following definitions of major divisions, provinces, and sec- 
tions are intended to give, where possible, the essential reason for 
the recognition of the area as a unit, and at the same time, by impli- 
cation, to indicate its extent. In some cases this definition consists 
of a statement of character, similar to that given in the table, pp. 
30 to 35, but with special reference to those features which distin- 
guish the area from its neighbors. In other words, the statements 
here made may be descriptive but they must be definite. In some 
cases, especially those of mountains or intermontane valleys, the dis- 
tinguishing character of an area is sufficient implied in its name. In 
such cases, the location is the only additional element which can be 
given. Many of the names are already in use, but with no exact © 
limitations to their application. The essential thing in such cases is 
to make clear the sense in which the term is used. To specify the 
location of each unit in its definition would generally be a useless form 
of words since this is shown on the map, without which the definition 
would have little value. 


THE LAURENTIAN UPLAND is that major division of North 
America lying chiefly in Canada, whose topography is characterized 
by a peneplain developed on strong rocks of complex structure and by 
the effects of later erosion and recent glaciation which has produced 
many rock-basined lakes. 

1. The Superior Upland is the margin of the Laurentian 
Upland in the vicinity of Lake Superior. 


THE ATLANTIC PLAIN is a major division of North America 
consisting of the Atlantic (including Gulf) Coastal Plain and the 
continental shelf. 

2. The Continental Shelf is the submerged margin of the con- 
tinental surface. 

3. The Coastal Plain is a portion of the former continental 
shelf raised above the sea without essential deformation. 

3a. The Embayed Section of the Coastal Plain is that part 
which is deeply indented by estuaries or cut off by sounds from 
the mainland. 

3b. The Sea Island Section of the Coastal Plain is that part 
which drains to the Atlantic Ocean between the Embayed and 
Floridian sections. 

3c. The Floridian Section of the Coastal Plain is that por- 
tion which is due to a local rather than to a continental uplift and 
emergence. 
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3d. The East Gulf Coastal Plain is that part which drains to 
the Gulf of Mexico between the Mississippi Alluvial Plain and 
the Floridian section. 

3e. The Mississippi Alluvial Plain consists of the delta of 
the Mississippi and that portion of its floodplain which lies 
within the limits of the Coastal Plain. 

3f. The West Gulf Coastal Plain (in the United States) is 
that portion which lies west of the Mississippi Alluvial Plain. 


THE APPALACHIAN HIGHLANDS constitute a major divi- 
sion characterized in general by its relative altitude but including 
certain related lowlands. 

4, The Piedmont Province consists of the plateaus and plains 
lying between the Coastal Plain and the first mountain range 
inland. (Conventionally, south of New York only.) 

4a. The Piedmont Upland is the uplifted and partially-dis- 
sected plain of the Piedmont Province, developed on strong rocks 
having a complicated structure. 

4b. The Triassic Lowland is a peneplain developed on soft 
(mainly Triassic) rocks within the Piedmont Province. 

5. The Blue Ridge Province is the belt of contiguous moun- 
tains in the Appalachian Division, whose topography is controlled 
by strong rocks having a complicated structure. 

5a. The Northern Section of the Blue Ridge Province is 
the narrow portion whose summit levels in general indicate a 
former peneplain. 

5b. The Southern Section of the Blue Ridge Province is the 
broad portion whose summits in general rise above any discernible 
peneplain. 

6. The Appalachian Valley Province is the longitudinal belt of 
valleys and included mountains which traverses the Appalachian 
Highlands. 

6a. The Tennessee Section of the Appalachian Valley Prov- 
ince is its southern part, characterized by nearly straight, parallel 
mountain ridges and valleys produced by erosion on regular folds 
of alternating strong and weak strata, and by longitudinal 
drainage. 

6b. The Middle Section of the Appalachian Valley Province 
is that part which is characterized by zigzag mountain ridges and 
canoe-shaped valleys produced by erosion on pitching folds of 
alternating strong and weak strata, and by transverse drainage. 

6c. The Hudson Valley is a section of the Appalachian Val- 
ley Province drained by Hudson River and consisting of a broad 
valley without mountain ridges. 

7. The St. Lawrence Valley is the lowland north of and con- 
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tinuous with the Hudson Valley, enclosed between the New 
England Province, the Adirondack Province and the Laurentian 
Highland. 

Ta. The Champlain Valley is a section of the St. Lawrence 
Valley between the New England and Adirondack provinces and 
characterized by greater relief than the average for the province. 

7b. The Northern Section*® (or sections) of the St. Law- 
rence Valley embraces all north of the Adirondack Province and 
Champlain Valley and consists mainly of a young marine plain. 

8. The Appalachian Plateaus comprise that portion of the 
Appalachian Highlands which consists essentially of elevated and 
more or less dissected horizontal strata. 

8a. The Mohawk Section of the Appalachian Plateaus is that 
part which lies north of the escarpment which overlooks Mohawk 
River from the south. 

8b. The Catskill Section of the Appalachian Plateaus is that 
portion in the northeast which rises with mountainous relief above 
the general level. 

8c. The Glaciated Section of the Allegheny Plateau is that 
submaturely dissected portion of the Appalachian Plateaus whose 
topography is modified by glaciation. 

8d. The Conemaugh Section (part of the Allegheny Pla- 
teau)* is that submaturely dissected portion of the Appalachian 
Plateaus which lies south of the glaciated section. 

8e. The Kanawha Section (part of the Allegheny Plateau) 
is the maturely dissected middle portion of the province. 

8f. The Cumberland Section of the Appalachian Plateaus is 
the southern portion of the province not yet maturely dissected. 

9. The New England Province is the broad northeastward 
continuation of the Piedmont and Blue Ridge provinces, charac- 
terized by dissected peneplains with monadnocks. 

9a. The New England Upland (section) is the non-moun- 
tainous part of the New England Province. 

9b. The White Mountain Section of the New England Pro- 
vince is the area, including and adjacent to the White Moun- 
tains, characterized by abundant monadnocks. 

9c. The Green Mountain Section of the New England Province 
consists of the linear mountain ranges having a granite axis. 

9d. The Taconic Section of the New England Province is 
the belt of mountains and peneplain on the western border, whose 


* Exact naming and possible subdivision of the Canadian portion is deferred. 
4In the committee’s report 8d is called the unglaciated section of the Allegheny 
Plateau and 8e (Kanawha section) is not expressly included in the Allegheny 


Plateau. 



























































MAJOR DIVISIONS, PROVINCES, SECTIONS 39 


topography is conditioned by strong metamorphic rocks intricately 
deformed. 

10. The Adirondack Province is an area of crystalline rocks 
of complex structure with a topography of subdued mountains 
bordered on the west by peneplain. 

11. The Interior Low Plateau Province’ is the dissected pla- 
teau (with included low plains) which lies west of and distinctly 
lower than the south end of the Appalachian Plateaus. 

lla. The Highland Rim Plateau is the dissected plateau por- 
tion of the Interior Low Plateau. 

11b. The Lexington Plain (“ Bluegrass section ” of Kentucky) 
is a local lowland developed on weak rocks. 

lic. The Nashville Basin (“ Bluegrass section ” of Tennessee) 
is a local lowland developed on weak rocks. 

lid. The unnamed section on the west is the low western 
extension of the Highland Rim Plateau characterized by silt- 
filled valleys and minor features due to faulting. 


THE INTERIOR PLAINS embrace those portions of the interior 
of the continent which are characterized by small local relief, regard- 
less of absolute altitude. 

12. The Central Lowland is the relatively low eastern portion 
of the interior plains, being surrounded, except on the south, by 
provinces of greater altitude. 

12a. The Eastern Lake Section is the area of broad cuestas 
and corresponding lowlands in which lie the basins of the Great 
Lakes and great lacustrine plains. It is characterized also by 
numerous morainic lakes in the younger glacial drift. 

12b. The Western Lake Section is the area of young glacial 
drift and abundant morainic lakes and lacustrine plains west of 
the Superior Highland. 

12c. The Wisconsin Driftless Section consists chiefly of an 
unglaciated area, but includes on the north and west a border of 
much eroded drift. 

12d. The Till Plains are a section of the Central Lowland 
covered by glacial drift (regardless of age) characterized by 
nearly level surfaces without lakes and not yet dissected by 
streams.—This section consists of two subsections distinguished 
as older (Illinoian) and younger (Wisconsin). 

12e. The Dissected Till Plains are that section of the Cen- 
tral Lowland which is covered by glacial drift of a formerly plain 
topography on which drainage systems are now well developed. 

12f. The Osage Plains are the section of the Central Low- 
land which lies south of the glaciated area. 


*See footnote, pp. 32 and 59. 
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13. The Great Plains Province is the plateau which slopes east 
from the Rocky Mountains and the northern end of the Mexican 
Highland. 

13a. The Missouri Plateau (glaciated) is that part of the Great 
Plains Province whose topography has been modified by the con- 
tinental ice-sheets. 

13b. The Missouri Plateau (unglaciated) is the northern 
section of the unglaciated Plains, from which the original sedi- 
mentary surface has been entirely stripped. 

13c. The Black Hills Section consists of an eroded mountain 
dome bordered by residual monoclinical ridges. 

13d. The High Plains are a north-south belt within the Great 
Plains, characterized by remnants of the former flat surface of 
sedimentation. 

13e. The Plains Border is the eroded margin of the Great 
Plains east of the High Plains. 

13f. The Colorado Piedmont is the western portion of the 
Great Plains in Colorado diversified and degraded by erosion. 

13g. The Raton Section of the Great Plains is that portion 
in southern Colorado and northern New Mexico which is char- 
acterized by higher mesas and volcanic features. 

13h. The Pecos Valley Section is that part of the Great Plains 
which lies between the Mexican Highland and the High Plains. 

13i. The Edwards Plateau is the southern end of the Great 
Plains, not covered by the Tertiary formations which underlie 
the High Plains. 

13k. The Texas Hill Section is the deeply eroded area lying 
between the young plateaus on the west and south and the low- 
lands on the east and north; a greatly-expanded and diversified 
phase of the Plains Border. 


THE INTERIOR HIGHLANDS are the uplifted region in south 
central United States surrounded by lowlands. 

14, The Ozark Plateaus comprise that portion of the Interior 
Highlands which is characterized by a plateau topography devel- 
oped on nearly horizontal strata. 

14a. The Springfield-Salem Plateaus comprise the non-moun- 
tainous, or less mountainous, portion of the Ozark Province. 

14b. The Boston Mountains are a deeply-dissected plateau of 
mountainous relief rising above the Springfield-Salem Plateaus 
at the southern margin of the province. 

15, The Ouachita Province is that portion of the Interior 
Highlands whose topography is conditioned by folded strata. 

15a. The Arkansas Valley Section is the northern part of 
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the Ouachita Province whose topography is conditioned by gentle 
folds giving rise to low monoclinical ridges or cuestas. 

15b. The Ouachita Mountains are that section of the Ouachita 
Province whose topography is conditioned by close folds subjected 
to baseleveling and to renewed erosion in one or more partial 
cycles. 


THE ROCKY MOUNTAIN SYSTEM is a generally mountain- 
ous belt consisting of the northern and southern Rocky Mountain 
Provinces and the intervening Wyoming Basin. 

16. The Southern Rocky Mountains comprise the continuous 
mountain system which lies (in the main) south of the Wyoming 
Basin. (To be divided into sections or ranges.) 

17. The Wyoming Basin is an area of plateau, crossing the 
Rocky Mountain division, being continuous with the Great Plains 
on the east and the Colorado Plateau on the south. 

18. The Northern Rocky Mountains comprise the continuous 
mountain system which lies (in the main) north of the Wyoming 
Basin. (To be divided into sections or ranges.) 


THE INTERMONTANE PLATEAUS (southern division) em- 
brace all the area west and south of the Rocky Mountain system in 
which mountains are either wanting or are isolated in relatively small 
ranges separated by desert plains. (A northern division of these 
plateaus lying almost wholly in Canada and Alaska consists largely 
of worn-down mountains. (See footnote p. 83.) 

19. The Columbia Plateau is that part of the Intermontane 
Plateau division which is characterized by a substratum of nearly 
horizontal lava flows. 

19a. The Walla Walla Plateau is that section of the Colum- 
bia Plateau which lies north of the Blue Mountains. 

19b. The Blue Mountain Section of the Columbia Plateau 
Province is the mountainous area entirely surrounded by plateau 
surface. 

19e. The Payette Section of the Columbia Plateau is the 
part west of the Snake River Plain whose substratum consists in 
large part of lacustrine sediments. (Applies to northern part 
only.) 

19d. The Snake River Plain is a part of the Columbia Pla- 
teau distinguished by its very young lava plains. 

19e. The Harney Section is that section of the Columbia 
Plateau which lies south of the Blue Mountains. 

20. The Colorado Plateaus are a portion of the Intermontane 
Plateau division characterized by nearly horizontal strata greatly 
elevated and deeply eroded. 
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20a. The High Plateaus of Utah are a belt along its western 
margin consisting of exceptionally high plateaus, for the most 
part separated from one another by deep valleys or fault scarps. 

20b. The Uinta Basin is a great north-sloping terrace of 
Eocene rocks abutting against the Uinta Mountains on the north 
and limited on the south by the south-facing Book Cliffs. 

20c. The Canyon Lands section is that portion of the Colo- 
rado Plateaus south of the Book Cliffs which is deeply and 
intricately dissected by canyons. 

20d. The Navajo Section of the Colorado Plateaus is a poorly- 
defined area of scarped plateaus in northeastern Arizona and 
northwestern New Mexico, less dissected than the Canyon Lands. 

20e. The Grand Canyon Section of the Colorado Plateaus 
is that southwestern portion in which Carboniferous strata are 
exposed or locally covered by volcanic rocks. 

20f. The Datil Section of the Colorado Plateaus is that south- 
eastern portion whose topography is in large part determined by 
lava flows and other volcanic features. 

21. The Basin-and-Range Province is that portion of the In- 
termontane Plateau division which is characterized by isolated, 
subparallel mountain ranges rising abruptly above desert plains. 

21a. The Oregon Lake Section of the Basin-and-Range Pro- 
vince is the area characterized by young block mountains and lake 
basins. 

21b. The Nevada Basin is a section of the Basin-and-Range 
Province, characterized by elevated desert plains and approxi- 
mately equal areas of mountain and plain. 

21e. The Sonoran Desert is a section of the Basin-and-Range 
Province characterized by the low level of its desert plains and 
the relatively small proportionate area occupied by its mountains. 

21d. The Salton Trough is that depressed portion of the Basin- 
and-Range Province which is occupied, except at its northern end, 
by the Gulf of California. 

2le. The Mexican Highland (in the United States) is a 
portion of the Basin-and-Range Province lying south of the Colo- 
rado Plateau, and characterized by elevated desert valleys and 
approximately equal areas of mountain and desert plains. 

21f. The Sacramento Section of the Basin-and-Range Prov- 
ince is a belt on its eastern margin, whose mountains are in large 
part simple dissected cuestas. 


THE PACIFIC MOUNTAIN SYSTEM consists of the contigu- 
ous mountain ranges and associated valleys bordering the Pacific Ocean. 
22. The Sierra-Cascade Mountains are the continuous, approxi- 
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mately north-south chain at the eastern edge of the Pacific Moun- 
tain division. 

22a. The Northern Cascade Mountains are the northern sec- 
tion of the Sierra-Cascade Province, the summits of which are 
in general, not formed by recent volcanic rocks. 

22b. The Middle Cascade Mountains are that portion of the 
Sierra-Cascade Province whose height is due in part to volcanic 
accumulation and in part to crustal uplift. 

22e. The Southern Cascade Mountains are that portion of 
the Sierra-Cascade Province whose height is due essentially to 
accumulation of voleanic materials, 

22d. The Sierra Nevada is the southernmost section of the 
Sierra-Cascade Mountains, whose elevation is due to uplift and 
not to voleanic accumulation. 

23. The Pacific Border Province is that portion of the Pacific 
Mountain division which lies west of the Sierra-Cascade Moun- 
tains. 

23a. The Puget Trough is the intermontane lowland west of 
the Middle and Northern Cascade Mountains. 

23b. The Olympic Mountains are the isolated group lying west 
of the north end of Puget Trough. ' 

23e. The Oregon Coast Range is the section of the Pacific 
Border Province west of the Puget Trough and consisting of 
Tertiary rocks. 

23d. The Klamath Mountains are the section of the Pacific 
Border Province adjoining the Cascade Mountains on the west 
and consisting of relatively old and resistant rocks. 

23e. The California Trough is the intermontane lowland west 
of the Sierra Nevada. 

23f. The California, Coast Ranges are the mountains of the 
Pacific Border Province lying west of the California trough. 

23g. The Los Angeles Ranges are the mountains of the Pacific 
Border Province which have an easterly trend and lie south of 
the Sierra Nevada. 

24, The Lower Californian Province consists of the mountains 
and related valleys south of the Los Angeles Ranges. 


DescripTION AND INTERPRETATION OF BounpDARIEs. 
Laurentian Highland. 


As a major division lying mainly in Canada, the Laurentian 
Highland is a peneplain with local monadnocks, somewhat eroded 
after uplift, and thoroughly glaciated. Poor drainage is an almost 
universal characteristic so far as the region is known. Lakes and 
swamps abound and streams are relatively few. The prevailing thin- 





Sy Senate Sean es ecel Se nese 


terrane mmm 


2A aE ONS AD ER he nano wet a te 





KCL. FG 50 ais Ste Di eID 5 UE a tert hl is alt tN Bi 


eee 





enna — 


ee et 





44 N. M. FENNEMAN-—PHYSIOGRAPHIC DIVISIONS OF UNITED STATES 


ness of the glacial drift, except locally on the southern border, has 
caused the entire region to be frequently spoken of as the “ rocky 
lake country.” These general characteristics are so closely associated 
with the resistant pre-Cambrian rocks that the Laurentian Highland 
must be treated as essentially coextensive with the great continuous 
area of pre-Cambrian rocks around Hudson Bay. 

Eastward from Lake Superior the boundary of the Laurentian High- 
land is boldly marked for more than 1,000 miles by the contact of pre- 
Cambrian with Paleozoic rocks. South and west of Lake Superior, 
the glacial drift is, for some distance, so thick that the nature of the 
underlying rock has no physiographic significance. From this region 
the boundary of the pre-Cambrian terrane turns north into Canada 
and is again aécompanied by a contrast in the surface features on its 
two sides. On the accompanying map the boundary of the Laurentian 
Plateau east and south of Lake Superior is drawn at the edge of the 
pre-Cambrian terrane. 

The Adirondack Province (p. 58) is geologically a part of the 
Laurentian division, but its physiographic features ally it more closely 
with the Appalachian Highlands. The neck connecting the Adirondack 
Province with the Laurentian Highland in Canada has, in the main, 
the topography of that great division, though near the St. Lawrence, 
it is inconspicuous because of small altitude. 

The name Superior Upland is here applied, without a definite 
northern limit, to that portion of the Laurentian Highland which 
surrounds Lake Superior. In Wisconsin and the northern peninsula 
of Michigan, the fairly typical character of the province is represented 
here and there almost to its edge and the boundary line in this region 
is taken from the Willis Geologic Map of North America. In north- 
eastern Minnesota the topography is highly characteristic, exhibiting 
peneplain, monadnocks, rocky lakes and imperfect drainage in typical 
form. In this state, however, the boundary of the Laurentian High- 
land is far from clear because of the thickness of the glacial drift on 
the borders of the pre-Cambrian terrane. The limits assigned to this 
province on the accompanying map are somewhat narrower than those 
of the pre-Cambrian area. The attempt has been made to separate in 
a general way the area whose topography is to some extent dependent 
on the pre-Cambrian rocks from the area in which the glacial drift is 
so thick that the topography is independent of the bed rock surface. 


Atlantic Plain. 


Landward Boundaries of the Coastal Plain.—The outer limit of 
the Atlantic Plain is the edge of the continental shelf. Its inner 
or landward limit is the inner edge of the Coastal Plain. The 
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coast line divides the Atlantic Plain into two provinces, the Coastal 
Plain and the continental shelf. The theoretical landward limit of a 
coastal plain is difficult to fix. In practice, however, there is:general 
agreement concerning the inner edge of this one thruout the greater 
part of its length. By common agreement it is placed at the inner 
edge of the Cretaceous rocks, or of the Tertiary where the Cretaceous 
rocks are absent. 

As to the northern limit of the Coastal Plain, usage is not uniform. 
If Long Island and other islands east of it, together with Cape Cod, 
are to be considered parts of the Coastal Plain, they are thereby 
(according to the definition given on page 36) assumed to be parts 
of an upraised continental shelf and to have an existence as land 
surfaces by reason of such uplift. If it be assumed that they are 
purely accumulations of glacial drift on the sea bottom, they are not 
technically coastal plain. A part of Long Island, at least, would 
certainly be above water even if the drift were all removed. This 
being the case, the whole island should be included in the province. 
It is not clear that the islands farther east and Cape Cod are essentially 
anything more than deposits of glacial drift on a shallow sea bottom, 
tho they contain some masses of Tertiary rocks. On the map here 
presented the Coastal Plain terminates with Long Island. The line 
from Long Island to Texas is a generalization of the above-mentioned 
geologic line as it appears on the Willis Geological map of North 
America. Between the 37th and the 40th parallels this boundary is 
known as the “ Fall Line,” being marked by rapids in most of the 
streams and by a considerably greater altitude of the country on its 
west side. Tho in part due to the differing strength of the rocks on 
its two sides, these features are believed to be emphasized by a fault 
or monocline whereby the Coastal Plain is depressed. In Missouri 
and Arkansas the Mississippi Alluvial Plain abuts against a similar 
steep slope. 

The inner limit of Cretaceous and younger strata serves very well 
as a boundary for the Coastal Plain Province until Texas is reached. 
It fails there, partly because the Cretaceous extends far inland with a 
plateau topography, and partly because of the pronounced Balcones 
fault scarp, a feature which is inconsistent with the essential char- 
acter of a coastal plain. This seaward-facing scarp is for several 
hundred miles a bold topographic feature and is here adopted as the 
inner boundary of the Coastal Plain. Thruout the greater part of its 
length this fault lies close to the boundary between the lower and upper 
Cretaceous outcrops. The former is the typical substratum of the 
adjacent plateaus. The latter is similar in its influence on the topog- 
raphy to the sediments elsewhere included in the Coastal Plain. From 
the point where the Rio Grande crosses the 101st meridian the scarp 
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extends east to the 98th meridian and north to Waco. There it 
becomes faint and the boundary line of the Coastal Plain is continued 
north to the Ouachita Province along the western edge of the Upper 
Cretaceous terrane, here marked by the “Eastern Cross Timbers ” 
which separate the Grand Prairie on the west from the Black Prairie 
on the east. The line on the accompanying map, so far as it follows 
the Balcones fault scarp, has been generalized from Hill’s topographic 
map of the Texas Region.’ 


Sections of the Coastal Plain.—The northern (embayed or depressed ) 
section of the Coastal Plain is here limited by an arbitrary straight 
line drawn across the province thru Cape Lookout. Neuse River 
marks the boundary approximately. The line which separates the 
Floridian section from its neighbors is even more arbitrary. The 
Floridian section is strongly characterized, but the zone of gradation 
is at least 50 miles wide. The lines which bound the Mississippi 
Alluvial Plain differ little from those given on the geologic map of 
North America. The effort has been made to extend the delta section 
just far enough east and west to include all distributaries with their 
attendant natural levees and delta lakes. 


Appalachian Highlands. 


Piedmont Province.—Boundaries.—The definition of the Piedmont 
Province (p. 37) necessarily fixes its western limit at the line where 
the plain or plateau topography gives way to one of mountains. Iso- 
lated mountains (like the Catoctins of Maryland and Virginia and 
the trap ridges of New Jersey) entirely surrounded by relatively 
level surface, are of course included in the Piedmont. Thruout the 
greater part of the boundary thus fixed there is not much room for 
difference of opinion as to its location. In New York, New Jersey 
and Pennsylvania the topographic break occurs along the line of 
contact between the weak Triassic of the Piedmont and the strong 
Cambrian and pre-Cambrian.* In Maryland and Virginia as far 
south as the Chesapeake and Ohio Railroad west of Charlottesville, 
almost all of that which appears on the Virginia geological map 
(1911) as pre-Cambrian granite and granite gneiss, belongs to the 
Piedmont, the boundary of the mountain area lying but little east 





*R. T. Hill: Geography and Geology of the Black and Grand Prairies, Texas, 
U. 8. Geol. Burv., 2lst Ann. Rep., Pt. VIL 

"R. T. Hill: Physical Geography of the Texas Region, U. 8. Geol. Surv. Topo- 
graphical Atlas, Folio No. 3, 1900. 

* Compare Geol. Map of Pa., Pa. Geol. Survey, 1893, with U. 8. Geol. Surv., Topo- 
graphic Sheets. 
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of the strong Catoctin schist. This formation and the strong Lower 
Cambrian are the essential substrata of the Blue Ridge in this latitude. 
The same formations farther east make the Catoctins which are entirely 
within the Piedmont area. 

South of Charlottesville and the Chesapeake and Ohio Railroad, 
geological contacts and contrasts seem to have nothing to do with deter- 
mining the extent of mountain and plateau. The common boundary 
traverses a belt of crystalline rocks which are not differentiated on 
available geologic maps. The inner edge of the Piedmont has an 
elevation of about 800 feet just south of Charlottesville, but its altitude 
increases to 1,500 feet in southern Virginia, North Carolina and 
Georgia. A glance at most of the topographic sheets crossed by this 
boundary line is sufficient to show a contrast between the lower country 
with its gentler slopes and closely woven web of roads, and the moun- 
tain country with its closely crowded contour lines and absence of cul- 
tural features. 

Bushy Mountain and South Mountain in North Carolina are essen- 
tially isolated mountain masses surrounded by the rolling Piedmont 
Upland ; but they stand so close to the mountain province on the west 
that they might, with perhaps equal propriety, be considered as pro- 
jections of it. As the boundary line is drawn on the accompanying 
map, the former course is adopted. 

In northwest Georgia the number and size of outlying mountains 
on the edge of the Piedmont (Pine Log Mountain and others) is so 
great as to leave in doubt the propriety of terminating the mountain 
province at Coosawattee River or extending it southward to include 
Pine Log Mountain. The latter course has the advantage of prece- 
dent and is here adopted,” but the transitional character of this southern 
extension should not be forgotten. 

In southeastern Pennsylvania where, for forty miles, the Blue Ridge 
is absent or represented only by isolated hills, there is little contrast 
in topography between the Piedmont and the Appalachian Valley 
which borders it. The line here used follows the contact of Triassic 
rock (typical of the northern Piedmont) and the older Paleozoic (typi- 
cal of the Appalachian Valley Province). 

In Georgia and Alabama south of the mountain province, the Pied- 
mont is terminated on the west, not by a rise, but by a fall to the Great 
Valley. This break follows essentially the line of contact between 
the pre-Cambrian and Ocowee (Cambrian) series on the one hand 
and the younger and weaker Cambrian and Ordovician on the other.** 

The topographic break along this line is easily traced westward 

°C. W. Hayes: Physiography of the Chattanooga District, 19th Ann. Rep., U. 8. 
Geol. Surv., Pl. I. 

See Geological Map of Northwestern Georgia, Georgia Geol. Survey, Bulletin 
23, 1910; also State Geological Map of Alabama. 















































SNE AR cal NAB ANG sh aN le AARNE ie AOC BRR el CEG ER ES aN! IE ea BA ee NN er NR NN EE I ee Em km ab oe 

















48 N. M. FENNEMAN—PHYSIOGRAPHIC DIVISIONS OF UNITED STATES 


from Georgia into Alabama. Turning southward again in the latter 
state, the topographic break becomes less clear. This is partly because 
of outlying ridges on the strong Chilhowee (Cambrian) series, these 
ridges being partly or wholly surrounded by the valley floor and.sepa- 
rate geologically from the Piedmont by outcrops of the upper and 
softer Cambrian formations. Hence, in so far as the topographic 
break (and therefore the province boundary) can be referred to a 
geologic contact, it is drawn at the edge of the Ocowee outcrop. Far- 
ther north where the eastern boundary of the Great Valley is against 
the mountain province, the Chilhowee rocks and the mountains which 
they form are included in the area of the latter. 

The remaining boundaries of the Piedmont on the east and south 
are all against the Coastal Plain. 


Sections of the Piedmont.—The Piedmont Province is divided into 
two sections, the Piedmont Upland and the Triassic Lowland. The 
latter is mainly on the relatively weak Triassic rocks of New York, 
New Jersey, Pennsylvania, Maryland and Virginia, but it includes 
several small contiguous areas of Ordovician limestone. Among these 
limestone areas are the famous agricultural tracts of which Lancaster, 
Pa., and Frederick, Md., are the centers. The Piedmont Upland (see 
definition, p. 37) comprises the remainder of the province, underlain 
by strong rocks. At most places it is distinguished from the Triassic 
Lowland by greater altitude and deeper valleys, but south of the 
Potomae River the boundary is not topographically marked, the “ up- 
land ” at that place, being but a narrow strip with low relief near the 
Potomac estuary. 


Blue Ridge Province.—Boundaries.—The Blue Ridge Province em- 
braces the Blue Ridge (range) and all the mountains contiguous with it. 
The boundaries of this division are well marked. At very few points 
along its boundary is there a zone of any considerable width whose 
reference to one province or the other might be in question. It 
embraces mountain country only, and is bordered by lower plateau 
country and valleys. The largest valleys within this mountain prov- 
ince can be comprehended in a single view and are seen to be sur- 
rounded by mountains. Isolated mountains rise also within the neigh- 
boring provinces, but they are entirely surrounded by the style of 
topography appropriate to those provinces. The boundary line on 
the accompanying map follows a topographic break, as traced on the 
large scale topographic sheets of the United States Geological Survey. 

Thruout much of its extent this boundary line may be interpreted 
by noting its more or less close agreement with a geological contact. 
In such cases the logical description of the province is aided by using 
the line of contact as the province boundary, but it should be remem- 
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bered that the contact is used merely as a means of interpreting a line 
which has been fixed by other criteria. The western, or rather north- 
western, boundary is thus determined thruout its entire length. For 
all practical purposes it agrees with the line where the stronger rocks 
of the pre-Cambrian or earlier Cambrian give way to the limestones 
and shales of the later Cambrian and Ordovician. 

The boundary in Pennsylvania is a sharp topographic break, essen- 
tially at the contact of the “Cambrian Quartzite” shown on the 
geologic map of Pennsylvania (1893), with the Cambro-Ordovician 
rocks farther west. This is not quite equivalent to drawing the 
province boundary between the Georgian and the later Cambrian, since 
the topmost member of the former as mapped in the Mercersburg- 
Chambersburg Folio,** plainly belongs to the Great Valley. It is 
sufficient for the present to say that the quartzitic lower formations 
of the Cambrian, mapped by the Pennsylvania Survey as quartzite, 
lie within the mountain province and their contact with the weaker 
rocks on the west determines the province boundary. 

Crossing into Maryland, the line continues to be determined, as in 
Pennsylvania, by the hard sandstone members of the Cambrian which 
underlie (stratigraphically) what is here as elsewhere mapped as 
Cambro-Ordovician. The Weverton sandstone is the chief one of these 
in Maryland.*” 

On the state geological map of Virginia (1911) the distinctively 
Cambrian formations (generally strong) are distinguished from the 
Cambro-Ordovician, consisting of limestone and shale. From the 
Potomac to the Tennessee boundary the topographic break between 
mountain and valley occurs at the contact between these strong Cam- 
brian sandstones and quartzites on the east and the limestones and 
shales of the Cambro-Ordovician on the west. The line is closely 
followed in turn by Shenandoah River, by a part of New River, and 
by branches of the Holston. Thruout nearly the whole distance the 
Norfolk and Western Railroad (or its branches) runs parallel to the 
line thus indicated, always on the side of the limestone, and for more 
than half the distance it is less than five miles away from the contact. 

In Tennessee the topographic break is likewise clear, as shown in 
the numerous folios of the United States Geological Survey. The 
older Cambrian, Ocowee and Chilhowee series, belong to the mountain 
province and the Knox Dolomite and younger formations to the Valley.* 
The same relations continue in Georgia where the Ocowee series is 
not differentiated from the granite on the most recent geologic map.** 

4 Geologic Atlas, U. 8. Geol. Surv., Folio No. 170. 
“Cf. Maryland Geol. Map, 1906, with Harpers Ferry Topographic Sheet. 
*See page 48. ; 
“Georgia Geological Survey, Bulletin 23, 1910. 
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At about latitude 34° 30’ the mountain province ends. South of this 
the valley province is bounded by the Piedmont. The southern limit 
and eastern boundary of the mountain province have been described 


above (p. 47). 


Sections of the Blue Ridge Province-—The two sections of the 
Blue Ridge Province (defined on p. 37) are separated with a fair 
degree of accuracy by Roanoke River. The northern section bears 
the name Blue Ridge (along with local names) thruout its entire length. 
This name is also applied to the main water-parting of the southern 
section, which follows the eastern edge of the province, but most of 
the mountains of the southern section bear other names. They are 
distinctly excluded from the Blue Ridge, tho included in the Blue 
Ridge Province. 


Appalachian Valley Province.—(eneral Relations.—The Appala- 
chian Valley Province and St. Lawrence Valley together comprise a 
continuous series of depressions thruout the entire length of the Ap- 
palachian Highland. These two valley provinces merge in latitude 
about 43° 30’, tho at their juncture the valley is only three or four 
miles wide, and even this narrow passage is in part occupied by isolated 
hills related to the New England Province. The Appalachian Valley 
Province occupies a medial position in the Appalachian Highlands; 
the St. Lawrence Valley lies on the western flank of the Appalachian 
Highlands and is bounded on the west by the Laurentian Highland. 
The continuity of the Appalachian Valley Province is so striking that 
the exact locations of transverse boundaries between subdivisions are 
more or less arbitrary. While it is essential that this continuity be 
recognized, it is none the less necessary to divide the province into 
three sections for the discussion of its character. 


Tennessee and Middle Sections.—The distinguishing characteristic 
of the Middle and Tennessee (southern) sections is a topography of 
parallel longitudinal valleys and mountain ridges made by erosion in 
the second (or later) cycle after folding. The middle section is also 
distinguished from the Tennessee section by having on its southeast 
side a broad belt which is characteristically free from mountain ridges. 
The two sections differ also in the plans of their ridges and valleys, 
those of the southern section being relatively straight, while many of 
the ridges of the Middle section, especially in its northern part, have 
a zigzag plan, thus enclosing canoe-shaped valleys. The master streams 
of the Tennessee section are longitudinal; those of the Middle section 
transverse. Aside from these differences, the two sections are much 
alike. The drainage pattern of both sections is in large part trellised. 
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The boundary between them is here placed at the divide between the 
Tennessee drainage system and that of New River. 

These two sections are distinguished from the neighboring provinces 
by lines over which there can be little disagreement. The next prov- 
ince on the west has a plateau surface and, in general, dentritic 
drainage. The provinces on the east show so little parallelism of 
valleys as to suggest at once a more complex structuré and rocks of 
different character. 

The southeastern boundary of these sections separates them from 
the Blue Ridge Province and from the Piedmont. It has been traced 
and described in bounding those provinces. In eastern Pennsylvania, 
New Jersey and New York the boundary is against that extension of 
the New England Province which has been called the “ Reading 
Prong,” better known in New Jersey and New York as “ The High- 
lands.” It is marked by a perfectly clear topographic break and 
approximately corresponds in position with the contact of the pre- 
Cambrian with Paleozoic rocks. At its southwest end the Valley 
Province merges into the Coastal Plain with no sharp topographic 
contrast. For the sake of consistency elsewhere, the boundary line 
should follow the inner edge of the Cretaceous rocks. 

The northwestern boundary of this part of the Appalachian Valley 
Province is the escarpment of the Appalachian Plateaus whose course 
is as follows: Beginning at the south in the vicinity of Birmingham, 
Ala., the eastern edge of the plateau is represented by Sand Moun- 
tain and after a short distance by Blount Mountain and farther north 
by Lookout Mountain. These are east-facing scarps of plateaus of 
Carboniferous Coal Measures. Lookout Mountain terminates at Chat- 
tanooga and the province boundary passes to the front of a more west- 
erly plateau which bears the name Walden’s Ridge. The east-facing 
scarp for a long distance north of Chattanooga is called the Cumber- 
land Front. 

Lookout Mountain is a large outlier of the plateau whose main 
portion lies to the west. It is entirely surrounded by valleys which 
are typical of the Appalachian Valley Province. But since the out- 
lier is broad in comparison with the separating valleys, it is considered 
best to draw the boundary line around it, thus including in the plateau 
province the valleys of Wills and Lookout Creeks. 

North of Chattanooga the boundary line follows the foot of Walden’s 
Ridge and Cumberland Mountain and thus the edge of the Carbon- 
iferous rocks. The same line may be traced northward into Pennsyl- 
vania between the plateau capped by Carboniferous rocks (usually 
Coal Measures but locally Lower Carboniferous) and the valley under- 
lain by older rocks. The scarp, tho locally absent in southern Vir- 
ginia, is generally clear, and the contrast of elevation and topography 
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on the two sides is marked. The edge of the plateau bears in succes- 
sion the names Sand Mountain, Blount Mountain and Lookout Moun- 
tain in Alabama and Georgia; Walden’s Ridge and Cumberland Moun- 
tain in Tennessee and Kentucky ; Stone Mountain, Rich Mountain and 
Allegheny Front in Virginia and West Virginia, besides numerous 
other local names. It overlooks in succession the valleys of Cahaba 
and Coosa Rivers in Alabama and Georgia; Tennessee River, Clinch 
River and its tributary Powells River, Bluestone and East Rivers 
(Pocahontas Quadrangle), Greenbrier River, Valley River, New 
Creek and Potomac River. The following railroads run essentially 
at the foot of the great scarp: the Alabama Great Southern south of 
Lookout Mountain, the Chattanooga Southern east of Lookout Moun- 
tain, the Cincinnati Southern from Chattanooga to latitude 36° (Har- 
riman Junction), branches of the Southern Railroad from this point 
north to latitude 36° 20’ (the jog in the Briceville quadrangle), the 
Norfolk and Western along Clinch River and to latitude 37° 30’, and 
the Chesapeake and Ohio along the Greenbrier. 

In Maryland the edge of the plateau is called Dans Mountain.** 
It overlooks Potomac River and its northern tributary Wills Creek. 
The foot of the escarpment is followed thru Maryland and north into 
Pennsylvania by branches of the Baltimore and Ohio Railroad. In 
western Maryland an extensive outlying plateau of Carboniferous 
(Pennsylvanian) strata is separated from the main plateau to the 
west by an anticlinal valley. This plateau whose eastern escarpment 
is called Dans Mountain is analogous to Lookout Mountain and is 
included in the Plateau Province for the same reason. 

From the southern boundary of Pennsylvania north and east to the 
elbow of the Susquehanna east of Williamsport, the perfectly definite 
escarpment is known as the Allegheny Front. It is followed for forty 
miles by Susquenhanna River and for one hundred miles by the Bald 
Eagle branch of the Pennsylvania Railroad. Eastward from the west 
branch of the Susquehanna River the plateau surface is on the Pocono 
and Catskill formations and is essentially coextensive with these around 
the edges of the anthracite coal fields. The synclinal Wyoming Valley 
makes a long northeasterly extension of the valley province surrounded 
by steep inward-facing slopes. At Mauch Chunk the regular north- 
east trend is resumed, the scarp being formed first by the Pocono 
formation and then by the Catskill, overlooking Delaware River and 
in turn Neversink Creek, Rondout Creek and Hudson River. The 
Delaware and Hudson Canal and several railroads run close to the 
foot of the scarp. 

The above described boundary lines, as shown on the accompanying 
map, are generalizations from the topographic sheets of the United 

** See Geologic Map of Alleghany Co., Md., Md. Geol. Surv., 1900. 
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States Geological Survey wherever such sheets are available. South 
of central Pennsylvania the boundary differs little from the edge of 
the Carboniferous as generalized on the Geological Map of North 
America. In New Jersey and New York as far north as latitude 
42° 15’, the boundary on the accompanying map differs little from 
the edge of the Catskill formation as shown on the geologic map of 
New York.** 

Hudson Valley.—The Hudson section of the Appalachian Valley 
Province is distinguished from the Middle and Tennessee sections by 
the absence of mountain ridges. In structure it is similar to the two 
sections farther south, but the folded strata are almost uniformly weak. 
Distinguished in this way, the Middle section ends with a fair degree 
of clearness at Hudson River, Shawangunk Mountain being the north- 
ernmost of the characteristic even-topped mountain ridges. The Hud- 
son is therefore taken as the boundary. Between the Catskill Mountains 
and Hudson River is a continuous strip of lowland about six miles 
wide. Across this the section boundary must be drawn arbitrarily. 

The plateau escarpment at the western edge of the Middle section 
continues northward as the eastern slope of the Catskill Mountains 
overlooking the Hudson Valley. East of this and near the river, the 
Helderberg formation makes a low cuesta. This cuesta with its east- 
facing scarp becomes higher toward the north, and beyong the parallel 
of 42° 15’ constitutes a distinct plateau which is here included in 
the Appalachian Plateaus Province. West of Albany the escarpment 
of this plateau turns west as the southern limit of the Mohawk Valley. 
Another east-facing scarp, however, continues north along the 74th 
meridian as the western boundary of the Hudson Valley. It does not 
correspond to any important geologic line, but it separates a lowland 
of 300 to 500 feet altitude from a dissected plateau 1,000 to 1,400 
feet high. When followed northward this escarpment becomes less 
clear and merges with the eastern boundary of the Adirondack Prov- 
ince, which there limits the Hudson Valley on the west. 

The eastern boundary of the Hudson section is against the Taconic 
section of the New England Province (p. 57). At the north the 
Hudson Valley section is continuous with the Champlain section of 
the St. Lawrence Valley Province. Near the low divide which sepa- 
rates the drainage of the two sections the valley is only three to four 
miles wide and interrupted by hills which have the character of the 
neighboring Taconic Mountains. On the accompanying map the two 
provinces are separated by a line crossing the valley at its narrowest 
point a little north of latitude 43° 30’. 

St. Lawrence Valley.—The St. Lawrence Valley is an important 
province in Canada strongly individualized, its characteristic level 
* Merrill: 1901. 
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plain abutting along most of its boundary against the highlands which 
surround it. Within the United States the St. Lawrence Valley is 
represented by the Champlain Valley and a narrow strip north of 
the Adirondack Mountains. The former constitutes a distinct section 
of the St. Lawrence Valley Province. Its boundary against the Adi- 
rondacks is marked by the contact of Paleozoic and pre-Cambrian 
rocks. The greater part of the eastern boundary is at the foot of the 
Green Mountains. This line agrees in the main, but not accurately, 
with the contact of Paleozoic and pre-Cambrian rocks. In its narrow 
southern extension the relation of the Champlain Valley to the Taconic 
Mountains on the east is the same as that of the Hudson Valley 
described above. 


Appalachian Plateaus.—Boundaries.—The essential features of the 
Appalachian Plateaus Province are those of a dissected plateau, tho 
considerable areas in its southern portion are still in the youth of 
their erosion cycle. Except on its western side in Tennessee and 
adjacent states, all its boundaries are against other provinces which 
are not dissected plateaus. The southern half of its western boundary 
separates this province from the Highland Rim Plateau, which is 
likewise a somewhat dissected plateau, but so clearly distinguished by 
its lower elevation that popular usage has made the distinction in 
name and recognizes the same boundary which is used by geologists. 

The absolute altitude of this province is not a criterion for its 
delimitation. Its uplands rise above 3,000 feet near the middle and 
fall as low as 500 feet at its southern extremity in Alabama, but 
the topography remains that of a more or less dissected plateau. 
Occasional folds give rise to certain local variations in topography 
which do not affect its general character. In general they are sur- 
rounded by flat-lying strata. Thus the province is characterized by a 
certain unity of structure and topography. 

Thruout at least four fifths of its boundary this province is higher 
than its neighbors and is separated from them by an outward-facing 
escarpment. The best known escarpment is on the east side, where it 
is known in succession from north to south as the Catskill Mountains, 
the Allegheny Front and the Cumberland Front. No one system 
of rocks forms the plateau surface or makes the scarp everywhere. 
The upper Carboniferous is most general. 

The southeastern escarpment of this province has been described as 
a boundary of the Appalachian Valley Province which it overlooks. 
The line was there traced from central Alabama to the Adirondack 
Mountains in New York. 

The Appalachian Plateaus border on the Adirondack Mountains 
from longitude 73° 45’ (near Saratoga, N. Y.) to longitude 75° 30’. 
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In the eastern half of this boundary the Adirondack Province is 
distinctly higher than the plateau. The relatively weak strata 
which compose the plateau abut against the crystalline mass 
which makes the mountains. Thru most of the western half, the 
topographic relations are reversed. The Adirondack Province in 
this part is almost a peneplain and the plateau consists of a great 
southwest-sloping dissected cuesta, with its northeast-facing scarp 
locally 500 feet high, overlooking the Adirondack Province. At the 
foot of this scarp flows Black River which marks the province bound- 
ary. On its lower (southwest) side this cuesta grades into the Eastern 
Lake section of the Central Lowland. The boundary is not definite, 
but the character of the cuesta as a whole is strongly contrasted with 
that of the lowland to the west. 

A short distance west of Utica the line which marks the western 
edge or foot of this dissected cuesta meets the east-west escarpment 
which is the northern limit of the Allegheny Plateau. This latter 
escarpment is approximately on the outcropping edge of the Helder- 
berg limestone. Between this place and the point west of Albany 
mentioned on page 53, it does not deviate greatly from this geologic 
line. The outcrop of the Helderberg is the chief determining factor 
in the escarpment as far west as Oneida Lake where the edge of the 
@nondaga takes its place. This continues to Lake Cayuga. Between 
this lake and Seneca Lake the edge of the plateau shifts to the outcrop 
of the Portage sandstone which it follows to a point south of Buffalo. 
From the Mohawk Valley to Buffalo this escarpment was essentially 
the south shore of the Pleistocene lake at the time when the first con- 
tinuous lake stretched from the Erie basin to the Mohawk.** 

Between a point south of Buffalo and southern Ohio, the line here 
used as the limit of the Appalachian Plateaus follows no outcrop indi- 
cated on the geological maps of New York, Pennsylvania or Ohio. 
To a point in northeastern Ohio it lies within the Devonian and beyond 
that in the Lower Carboniferous. The line is described by Leverett’ 
from the Genesee Valley to southern Ohio and is traceable on all the 
United States Geological Survey topographic sheets along its course, 
separating the somewhat dissected plateau on the south and east from 
lake flats and rolling plains on the north and west. South of latitude 
40° 30’ the line lies near the edge of the glacial drift, but the thin 
edge of the latter generally overlaps the plateau, its edge almost 
following the western limit of the Pennsylvanian Coal Measures. It 
seems best, on the whole, however, to follow the line of the topographic 

*H. 8. Fairchild: N. Y. State Ed. Dept. Bull. 519. 

"Frank Leverett: Glaciation in the Erie and Ohio Basins, U. S. Geol. Surv. Mon. 
41, p. 67. A part of the plateau, in Northeastern Ohio is so characterized by 


glacial features that it might perhaps better be included in the Eastern Lake 
Section of the Central Lowland. 
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break a little farther west, since neither the edge of the Coal Measures 
nor that of the drift could be followed far either north or south. 
From Chillicothe, Ohio (latitude 39° 15’) southward, the topo- 
graphic break agrees essentially with the Carboniferous-Devonian con- 
tact. This contact is therefore taken as the province boundary as far 
south as the Kentucky River. At that place the western edge of the 
Carboniferous is also essentially the western edge of the Coal Measures. 
North of that point the topography on the narrow strip of Lower 
Carboniferous is not materially different from that of the Coal Meas- 
ures on the east. South of that point the western edge of the Coal 
Measures is marked by an increasingly bold escarpment which sepa- 
rates the Cumberland Plateau (Pennsylvanian) from the Interior Low 
Plateau (Mississippian). The province boundary follows this contact 
southwest and then west to the boundary of the Coastal Plain. 


Sections of the Appalachian Plateaus.—The sections of this prov- 
ince are distinguished in some cases by altitude, in others by degree 
of dissection. The main portion of the Mohawk section is a strike 
valley at the foot of the Helderberg-Onondaga escarpment. The ends 
of this valley are lowlands and belong to other provinces, but between 
Utica and Schenectady the Mohawk is entrenched in a dissected pla- 
teau, a part of the Mohawk section. The northwestern extension of 
this section is, as stated above, a dissected cuesta which rises to a 
maximum altitude of 2,000 feet. 

The name Allegheny Plateau is applied to all that part of the 
province which lies between the Helderberg-Onondaga-Portage escarp- 
ment on the north and the Cumberland Plateau or “ Cumberland 
Mountains ” on the south. The application of the name would thus 
be extended south almost to the Kentucky-Tennessee boundary. This 
great area is here divided into three sections in addition to the Catskill 
Mountains. The latter are merely an extra high portion of the pla- 
teau. The Catskill section is almost coextensive on its north and east 
sides with the strong Catskill conglomerate. On the south and west 
sides the same strata are much more extensive but less elevated. 

The three sections of what is customarily called Allegheny Plateau 
are distinguished as the Glaciated section, the Unglaciated or Cone- 
maugh section and the Kanawha section. In its characteristic aspect 
the Glaciated section is distinctly different from the Conemaugh sec- 
tion, but the boundary between the two is not everywhere sharp. In 
northeastern Pennsylvania the topographic effects of glaciation dis- 
appear gradually over a wide transitional zone. Both this section and 
the Conemaugh section have considerable areas which have not yet 
reached maturity in the present erosion cycle. They differ in this 
respect from the Kanawha section which is everywhere maturely dis- 
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sected and has, in general, a greater altitude. The northern limit of 
the Kanawha section is, however, very vague.” 

The Cumberland section is the least dissected of all. It is char- 
acterized by broad uncut remnants between deep valleys. Toward the 
southwest this character gives way to milder relief. 


New England Province.—Boundaries.—The New England Prov- 
ince is in a sense the northeasterly continuation of the Piedmont and 
Blue Ridge provinces. It is allied to them by the general strength 
of its rocks. Like them, also, it is bounded on the west by the Ap- 
palachian Valley Province. 

The western boundary of the New England Province (within the 
United States) is determined thruout by the strength of its rocks. 
The line which separates it from the Champlain Valley is not far 
from the edge of the granites which constitute the Green Mountains, 
tho some resistant metamorphic rocks are included with them in the 
Green Mountain section. The strata which underlie the Hudson Val- 
ley are generally weak (p. 53). East of the valley these same strata 
and others have been profoundly metamorphosed and thus rendered 
resistant. They are now almost as uniformly strong as those of the 
Hudson Valley are uniformly weak. These strong rocks are the sub- 
structure of the Taconic Mountains, the westernmost section of the 
New England Province. As the transition from the skale of the Hud- 
son Valley to the slate and schist of the Taconic section is not abrupt, 
neither is the contrast in topography at all places sharply marked, but 
the transition zone is nowhere broad. At most places an observer in 
the valley may see a distinct range or escarpment to the east. 


Sections of the New England Province.—The Taconic section is 
mainly a belt of low mountains. Thruout much of its length the 
western margin of the section is an uplifted and dissected peneplain 
called the Rensselaer Plateau. On account of intense compression, 
the rocks of this section (formerly in large part shale) are slates and 
schists without regular alternations of strong and weak strata. Con- 
spicuous straightness and parallelism of ridges and valleys are there- 
fore wanting. The crests of the Taconic Mountains do not suggest a 
dissected plateau, but, as stated above, a part of the belt is oceupied by 
the Rensselaer Plateau, an uplifted and dissected peneplain. East of 
the Taconic Mountains is a long, continuous and well-marked valley 
drained by Housatonic River at the south and Otter Creek at the north. 
This valley, largely eroded on limestone between the Taconic Moun- 





* On the accompanying map this boundary is indicated by a nearly straight line 
of dashes indicating that there is no sharp distinction. It may well be that the 
areas thus separated should have been made divisions of a lower order rather than 
sections, 
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tains on the west and the Green Mountains on the east, is included 
in the Taconic section, the boundary being placed at the west of the 
Green Mountains and their southern extension. 

Sufficient data are not yet available to make it possible to draw the 
outlines of the remaining sections of the New England Province. At 
least three other sections must be recognized: the Green Mountain 
section, the White Mountain section, and the New England Upland. 
In the Green Mountain section are included the southward extension 
of these mountains in the “ Berkshire Hills” of Massachusetts and 
Connecticut. This section is essentially a linear range rising above the 
neighboring plateau. It may, as in Vermont, consist of a continuous 
monadnock ridge, or, as in Massachusetts, of dissected remnants of 
higher peneplains, themselves surmounted by occasional monadnocks. 
The location and general extent of the section are indicated on the 
geologic map by a belt of pre-Cambrian rocks, but the section extends 
somewhat beyond the limits of these rocks. 

The White Mountain section is simply an area of closely crowded 
monadnocks centering in northern New Hampshire. As these are 
separated by portions of the New England Upland and their separa- 
tion grows wider and wider with increasing distance from the center 
of the section, the delimitation of this section must necessarily be 
arbitrary. Its characteristics are very real and important, but its 
boundaries are vague. 

The largest section is the New England Upland which consists 
essentially of an upraised and dissected peneplain, whether of one 
cycle or of several. Considerable areas within it have been cut down 
to lower levels and contain few or no remnants of the peneplain which 
makes the plateaus. Such areas may be underlain by weak rocks 
(e. g., the lower Connecticut Valley), or may lie near the seaward 
margin of the province (e. g., the Boston Basin). In future and 
more refined studies it may be feasible to subdivide the New England 
Upland on the basis of erosion cycles. The area of Triassic rocks 
which agrees in the main with the lower Connecticut Valley should 
probably be made a division of lower order. It is in all essential 
respects an outlying portion of the Triassic Lowland included in the 
Piedmont Province. 


Adirondack Province.—The boundaries of the Adirondack Province 
have already been stated in describing those of neighboring divisions. 
The distinctive topography of this province is due to the crystalline 
rocks which compose its substratum. In general, these are stronger 
than the Paleozoic rocks which surround them; hence the Adirondack 
Mountains. In the western part, however, mountains are wanting and 
the adjacent plateau rises 500 feet above the Adirondack Province. 

Geologically this province might be called a peninsula of the Lau- 
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rentian Highland with which it is connected by a narrow neck of 
crystalline rocks. Topographically, it is more like the White Moun- 
tains and others of New England, and it seems to have shared the 
physiographic history of the Appalachians more than that of the 
Laurentian Highland. 

Interior Plains. 


Interior Low Plateau."°—Features of the Province.—This prov- 
ince lies west of, and distinctly lower than, the southern part of 
the Appalachian Plateaus. It has been known as the “ Interior 
Lowlands,”*”® but the portions which may strictly be called lowlands 
aré essentially isolated even tho very important. The rest is typical 
plateau, even tho in the western part the uplands and divides 
have an altitude of only about 500 feet. The altitude on the eastern 
side is about 1,200 feet. East of the Nashville Basin in Tennessee, 
where dissection is submature, the plateau is known as the Highland 
Rim, but the country thus designated grades without a break into the 
lower and maturely dissected upland of southern Indiana and Illinois 
and western Kentucky. Its essential plateau character is continuous 
even tho the summit levels decline gradually to about 500 feet. 
Within this area are two basins (the Nashville and the Lexington) 
which are recognized as sections. 


Boundaries.—The boundaries assigned to the province are as fol- 
lows: Beginning in southern Ohio where the edge of the glacial drift 
intersects the western edge of the Carboniferous rocks, the province 
boundary is traced south along this western edge of the Carboniferous 
to Kentucky River. South of Kentucky River the boundary between 
the Interior Low Plateau and the Cumberland Plateau is the escarp- 
ment at the western edge of the Coal Measures. This line is a bold 


* The committee which devised the accompanying map and classification of divi- 
sions, has not yet reached unanimous agreement concerning this province, Messrs. 
Campbell and Matthes believing that the eastern part should be included in the 
Appalachian Highlands. The Highland Rim, strictly so called, is that part of the 
province which lies east of the Nashville Basin. Generally speaking this is higher 
and less dissected than the plateau farther west. Moreover, it is separated from the 
latter by the Nashville Basin except for short distances in southern Kentucky and 
northern Alabama. Hence, if any portion of this province is to be included in the 
Appalachian Highlands, the one feasible plan seems to be to allot this eastern strip 
to the Appalachians, making it a part of the Cumberland section or a section by 
itself. This would preclude the use of the name “ Highland Rim” for the province 
on the west. On this account the name “ Interior Low Plateau” already applied 
to this province in a former publication is here provisionally retained. It is tech- 
nically correct though cumbersome. The use of the name Highland Rim Plateau 
for a section of the province is open to the same objection, tho to a less degree. 
No satisfactory substitute has been found even for provisional use. 


»C. W. Hayes: Physiography of the Chattanooga District, U. 8. @eol. Surv., 19th 
Ann, Rep., Pt. II. 
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one in Tennessee, less bold but still adequate in Kentucky, but faint 
in northern Alabama where the Cumberland Plateau itself is low. 
Stream erosion has made the boundary very irregular. In the map- 
ping of large areas it is necessarily generalized. 

In northwestern Alabama the low plateau borders the Coastal Plain 
along the Carboniferous-Cretaceous contact. This line is ragged and 
indefinite and is marked by no abrupt change in elevation or topog- 
raphy. On the plateau side (northeast) the Cretaceous appears in 
isolated patches capping hills and uplands. These should be allotted 
to the plateau. On the side of the Coastal Plain the Carboniferous 
appears only in stream valleys. Such should be counted in the Coastal 
Plain. The transition belt is thus narrowed to a few miles. Within 
this zone are many points where the contrast is sharp, being expressed 
in topography, or soils, or in both. 

In western Tennessee and Kentucky this province borders the Coastal 
Plain, the line being the Paleozoic-Cretaceous contact. For practical 
purposes Tennessee River may be considered the boundary. The same 
contact is followed west thru southern Illinois to the Mississippi. 
Northward from the point thus reached, to the edge of the glacial 
drift, the Mississippi is taken as the boundary between the Ozark 
Province and the Interior Low Plateau. 

Eastward from the Mississippi the edge of the glacial drift con- 
stitutes the boundary between the Till Plains on the north and the 
Interior Low Plateau on the south.** Its general course is eastward 
to the Allegheny Plateau. East of Louisville it does not deviate much 
from the course of Ohio River, but west of that it bends far northward 
around southern Indiana which has a topography like that of Ken- 
tucky west of the Lexington (Blue Grass) Plain. The edge of the 
drift is not sharply marked. Locally the drift thins out gradually 
thru a zone of twenty miles or more. 


Sections of the Interior Low Plateau.—The two lowland sections 
within the Interior Low Plateau comprise the areas of rock older than 
Carboniferous. The edge of the latter forms an escarpment, locally 
frayed and irregular, entirely around the Nashville Basin and around 
the Lexington Plain on the east and south. Thruout practically its 
entire extent this escarpment is plainly visible as a range of hills, 
when viewed from the basin floor. The northern boundary of the 
Lexington Plain is the edge of the glacial drift, that is, the outer 
boundary of the province. The plateau between and around these 
two basins is the Highland Rim Plateau or section. The western end 
of the province, beside being lower, shows local topographic effects of 
faulting and also of valley filling. It is probable that these features 
” * Bee map by Leverett; U. 8. Geol. Burv., Mon, 38, Pl, VI. 
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justify the recognition of a distinct section, tho the necessary data for 
determining its boundaries are not available. 


Central Lowland.—Boundaries.—An irregularly shaped region 
stretching north, south and east from central United States, is essen- 
tially a low plain. It is in the main bounded by lands which are either 
not low or not plains. The northern, eastern and southern boundaries 
of this province have already been described thruout most of their 
extent. The Central Lowland extends far north into Canada with 
boundaries similar to those which prevail in adjacent parts of the 
United States. 

The separation of this province from the Great Plains Province on 
the west is made necessary, not so much by the boldness of the dividing 
line as by the contrast in general character between the two areas. 
The Great Plains are described on page 67. The Central Lowland, 
while not now at its local baselevel, is nevertheless characterized by 
relative lowness and relative levelness. Large areas adjacent to the 
Great Plains, especially in the southern part, are peneplain. The 
boundary line between these two provinces, not itself a bold topographic 
feature, is, thruout most of its length, an east-facing escarpment. 
While but a few hundred feet high, the streams which cross this escarp- 
ment generally find themselves on its east side not very far above their 
local baselevels. The surface west of the escarpment is a few hundred 
feet higher and actively dissecting. 

Beginning in North Dakota, the Plateau of the Missouri (not the 
Missouri Coteau but the plateau on which the latter rests) terminates 
on the east, or northeast, in an escarpment 300 to 400 feet high. 
Thru most of its length of more than 300 miles in North Dakota, 
railroads follow the foot of this escarpment. On one side of the line 
lie the fertile prairies of North Dakota, adapted to farming; on the 
other, above and beyond the escarpment, the high grazing lands of 
the Altamont moraine, the real Coteau of the Missouri. The line 
here used is taken from the reconnaissance soil map of western North 
Dakota.** The topographic break is shown very clearly on the Edgely 
and adjacent topographic sheets of the United States Geological Survey. 
Continuing into South Dakota the line becomes less clear. It is no- 
where far from the Missouri-James divide.** 

In Nebraska alone, the line is almost wholly arbitrary. Between 
typical low Prairie on the east and typical Great Plains on the west 
there is complete gradation with no abrupt change of altitude or style 
of topography. Neither bed rocks nor glacial drift are topographic 
factors of importance, for both are buried by loess whose maximum 
depth reaches sixty feet. However, since the line in the Dakotas is 
~~ # Field operations of the Bureau of Soils, U. 8. Dept. Agri., 1908, Plate 33, 
*The data for the location of this boundary were furnished by N. H, Darton, 
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plain and a similar line in northern Kansas equally plain, and the 
edge of the glacial drift in Nebraska (so far as determined)* is 
essentially in line with the escarpments in South Dakota and Kansas, 
this line, the edge of the glacial drift, is arbitrarily taken as the 
boundary in Nebraska. 

In northern Kansas the outcrop of the Dakota sandstone forms a 
rugged belt known as the Smoky Hills, reaching from the Nebraska 
line almost to the Arkansas River. This line of the Smoky Hills, the 
eastern eroded margin of a highland which is continuous toward the 
west, is the natural western boundary of the Central Lowland. 

The eastern margin of the hilly belt is, of course, frayed and irregu- 
lar, but forms a typical natural boundary between contrasted topo- 
graphic types from the Nebraska line southward to the center of 
Kansas; that is, to a point not far west of McPherson. Fifty miles 
straight south of this point a similar contrast is found, the low plain 
on the east being uninterrupted, though its altitude declines south- 
ward. On the west is a dissected upland called the Red Hills, its 
substructure being of the Permian “ Red Beds.” The ragged escarp- 
ment is 300 to 400 feet high.** With diminishing dissection toward 
the west, and increasing remnants of the Tertiary cover, the Red Hills 
merge into the High Plains. 

The break of fifty miles in Kansas, alluded to above, is due to a 
westward extension of level prairies along the Arkansas River, known 
as the Great Bend Lowland.** It is a smooth surface rising to the 
westward and is quite as high on any one meridian as the crests of 
the Smoky Hills upland on the north and the Red Hills upland on 
the south. It is not a lowland in the sense of lying near sea level, 
being 1,500 feet high on the east and rising steadily to 2,300 feet on 
the west. Neither is it low by comparison with neighboring areas 
north and south. It is a lowland only in the sense of being near to 
its own local baselevel, for the Arkansas has been unable to entrench 
itself here, probably because of the strong rocks crossed farther east. 
The parallel streams on the north and south have cut their channels 
from 100 to 300 feet lower on the same meridians. Their tributaries 
have therefore dissected into “ Smoky Hills” and “ Red Hills,”— 
the plateau which here remains as the “ Great Bend Lowland.” 

This level prairie, being agriculturally favored, is commonly thought 
of as an arm of the Central Lowland extending into the Great Plains, 
but its topography and geologic history are those of the Great Plains. 
(See below under that subject.) Indeed, all but a narrow strip along 


the river is an eastward peninsula of the High Plains (the central 


™* Bee Todd; U. 8. Geol. Surv., Bull. 158, Pl. 1; also Science, Feb. 20, 1914. 

*Gannett: Contour Map of Kansas, U. 8. Geol. Surv., Bull. No, 154. 

*Geo. I. Adams: Physiographic Divisions of Kansas, Bull. Amer. Geogr. Soc., 
Vol. XXXIV, pp. 89-104. 
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division of the Great Plains), having been here saved from erosion by 
the inability of the Arkansas to erode deeply because of the disad- 
vantage mentioned above. 

Whether this “ Great Bend Lowland” be included in the Central 
Lowland or in the Great Plains, there are difficulties in drawing the 
boundary. On the whole, it seems best to include it in the Great 
Plains where it naturally belongs by reason of its geologic and physio- 
graphic history. Otherwise, arbitrary boundaries on the north and 
south must be selected. Its separation from the Central Lowland on 
the east must also be by an arbitrary line. However, if the two free 
ends of the well-established boundary be connected by a straight line 
across the fifty-mile gap in southern Kansas, the resulting line will 
not be far from the eastern edge of the Cretaceous and Tertiary rocks, 
both highly characteristic of the Great Plains. 

It is worthy of note, also, that even from an agricultural point of 
view the western end of the Great Bend Lowland differs quite as much 
from the typical prairies as the eastern end does from the border of 
the Great Plains.” 

East of the meridian of 97° west longitude, and entirely surrounded 
by typical prairie of the Central Lowland, is a north-south belt called 
the “Flint Hills,” extending northward from northern Oklahoma 
about halfway across the state of Kansas. This belt has been described 
by Adams” as belonging to the Great Plains Province. The character 
of the belt would justify this, but it is impossible to connect it with 
that province without including in the same boundary almost an equal 
area of the most typical prairie lowland. It seems better to describe 
the Flint Hills as a local feature, as must be done for the Wichita 
Mountains in Oklahoma, the Turtle Mountains in North Dakota and 
many other exceptional features. 

South of Kansas the Red Hills escarpment is known (for rea- 
sons implied in the name) as the Gypsum Hills escarpment.*® In 
general, it is the dissected edge of a western upland overlooking to the 
eastward the prairies of small relief which lie too near their local base- 
level to be sharply dissected. In its southern extension this line lies 
very close to the boundary of the distinctively Great Plains flora, as 
mapped by Hill in his Physical Geography of the Texas Region.*° 

It is thus seen that thruout the six states traversed by the eastern 
boundary of the Great Plains, the line in four of these and a part of 
the fifth (Kansas) is satisfactory. It has geological significance, con- 
forms to popular usage and is marked by a topographic contrast within 

* See Report of Thirteenth Census, Vol. IV, p. 554, map. 

* Geo, I. Adams: loc. cit. 


*B. Franklin Wallis: Wapanucka Limestone, Okla. Geol. Survey, Bull. 23, 1915. 
® Topographical Atlas, U. 8S. Geol. Surv., Folio No. 3, 1900, Fig. 18. 
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a narrow belt. The satisfactory character of three-fourths of the entire 
line justifies the somewhat arbitrary character of the remaining fourth. 
The actual location of the boundary, especially near the south end, is 
capable of further refinement as more exact data become available. 


Driftless Sections of the Central Lowland.—The Central Lowland 
is subdivided into sections on the basis of features due to glaciation. 
Locally, as in Wisconsin, there appear clearly marked subdivisions 
determined by the underlying rocks, but the lines which are clearly 
marked in this state are serviceable for only a short distance beyond 
its limits. The use of such lines would therefore leave the major part 
of the province undivided, whereas its several parts are clearly dis- 
tinguished on the basis of glacial features. On this basis the most 
evident distinction is between drift-covered and driftless. Two of the 
sections are driftless or nearly so. One of these, the Osage Plains, 
lies south of the southern limits of glaciation. It is separated from 
the Dissected Till Plains to the north by a line following approximately 
the course of Kansas River. This line is not a bold one, for the drift 
on the north is thin and very much eroded. Furthermore, a covering 
of loess on both sides of the line reduces the contrast still further. 

The Wisconsin Driftless section lies three hundred miles north of the 
southern limit of glaciation and is entirely surrounded by drift-covered 
areas. The essential topographic feature of this area is its dissected 
plateau character. Its topography is not unlike that of western Ken- 
tucky. In the northern part of this area the valleys have been filled 
by outwash, making plains of such wide extent that the hilltops rise 
above them as isolated buttes. The contrast with the lake section on 
the east is sharp, the boundary being marked by the front of the late 
Wisconsin terminal moraine, one of the boldest terminal moraines on 
the continent. On the other sides the boundary line is indefinite. 
On the west and north are margins of old and much eroded drift. 
Their topography is much more like that of the Driftless Area than 
like that of the neighboring sections. It is partly for this reason, but 
largely because the areas are too small to justify their recognition as 
independent sections, that they are included in this section. For the 
purpose here in hand the Wisconsin Driftless section is made to cover 
essentially the area whose topography is not affected, or but little 
affected, by glacial drift. 


Lake Sections of the Central Lowland.—East and west of the Wis- 
consin Driftless section are two large sections of the Central Lowland 
whose topography is dominated by recent glaciation in a region of 
moderate relief. Terminal moraines, with their various features; 
ground moraines embracing mildly rolling plains, rounded and veneered 
hills; outwash plains, in some cases profusely pitted; broad lacustrine 
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plains: these occupy most of the area. Lakes and swamps of glacial 
origin are numbered by the thousand, and include four of the Great 
Lakes. On the whole the drainage is poorly developed. 

Some of the features of the Lake sections are shared with the 
Laurentian Highland. On the whole the glacial drift in the former 
is much thicker than in the latter. The proportion of relief due to 
the drift and not dependent on the underlying rock is much greater 
here than in the Laurentian Highland. For many purposes, especially 
geographic, it may be convenient to group the two lake sections with 
the Superior Upland, thus approximately restoring Powell’s “ Lake 
Plains.”** 

On its northern side the Eastern Lake section borders on the Lau- 
rentian Highland along the line already described. On the west it ends 
with the bold terminal moraine of the late Wisconsin glacial stage. 
West of this lies the Wisconsin Driftless section and farther south the 
Till Plains. 

The separation of the Eastern Lake section from the Till Plains is 
based purely on the topography of the drift. Thruout a considerable 
part of the boundary the drift on its two sides is of the same age, but 
the contrast in topography is marked. Thru northeastern Illinois the 
line on the accompanying map follows the outer edge of the late Wis- 
consin moraines.** South of Kankakee River these moraines form 
the western rim of the Kankakee swamp. On the southern margin of 
this great swamp the line turns east to Logansport, thence it follows 
Wabash River to Fort Wayne.** East and north of the line thus 
described the surface is characterized by morainic topography, lakes, 
swamps, and lacustrine plains. 

East of Fort Wayne is the lacustrine plain of glacial Lake 
Maumee. Plains of this kind are important constituents of the two 
lake sections. They are found on the border of all the Great Lakes 
and are allied to them in history. The boundary of the Eastern Lake 
section runs east from Fort Wayne along the southern shoreline of 
glacial Lake Maumee to the point where that line intersects the bound- 
ary of the Appalachian Plateaus near Cleveland. The boundary be- 
tween the latter and the Eastern Lake section, while not determined 
by the former extent of the Great Lakes, is nowhere far from the edge 
of the lacustrine plains. 

The Western Lake section borders on the Superior Upland and the 
Great Plains along lines already described. Its southern boundary, 
west of central Iowa, is the outer edge of the drift of the Wisconsin 
glacial stage. Generally within a very few miles a clear contrast may 

= J. W. Powell: Nat. Geogr. Monographs, No. 3, 1896. 

“Frank Leverett: The Illinois Glacial Lobe, U. 8. Geol. Surv. Mon., Vol. 
XXXVITI, Pl. VI. 

“Charles R. Dryer: Studies in Indiana Geography, p. 19. 





ee a 


a 





mes 


SD OR RENT EERIE 





66 N. M. FENNEMAN—PHYSIOGRAPHIC DIVISIONS OF UNITED STATES 


be observed between the rolling (at places morainic), little eroded 
and poorly drained country on the north, and the much eroded Till 
Plains on the south. Its boundary against the area of Iowan drift in 
northeastern Iowa is discussed below. 

The northern portion of the Western Lake section includes the vast 
lacustrine plain of glacial Lake Agassiz, most of which is in Canada. 
It is represented in the United States by the broad and very flat valley 
of the Red River of the North. 


Till Plains Sections of the Central Lowland.—The character of the 
Till Plains (not the Dissected Till Plains) is implied in their name. 
Their surface is characteristically (tho not universally) plain and 
topographically young. There are some morainic ridges, but they 
are relatively narrow and low and without lakes. In many cases they 
are so low and of such gentle slope that their presence is revealed 
chiefly by their control of drainage lines (as in eastern Indiana). 
Without this indication, some of them would not be detected by the 
unaided eye. Exceptions to its general character are found in a few 
strong moraines, particularly those of Illinois north and east of the 
center of the state. But even here glacial deposition was not of such 
a character as to produce lake basins. In a comprehensive view the 
country has the aspect of a plain. 

With respect to absolute age and to geological history, the southern 
and western margins of this section are older than the rest. As these 
are also the sides on which large rivers have cut their valleys, these 
edges are in places much eroded, but nowhere is it necessary to go 
back more than a few miles from these large streams to find remnants 
of the original flat surface. 

Except on the west, the boundaries of this section have already been 
described. They lie in succession against the Wisconsin Driftless sec- 
tion, the Eastern Lake section, te Appalachian Plateaus and the 
Interior Low Plateau. The bounc ry between this section and the 
Ozark Plateaus is essentially at the Mississippi. North of the Ozark 
Plateaus the western boundary is at the contact of the Illionian and 
Kansan drift sheets. In practice it is best to follow the Mississippi 
River as far north as Iowa. Farther north the Till Plains cross the 
Mississippi into Iowa. Here their limit is marked merely by the 
greater amount of erosion which the country on the west has suffered. 

The Dissected Till Plains, separated from the Ozark Province by the 
Missouri River, are coextensive with the drift of the Kansan and Iowan 
glacial stages where not covered by later deposits. The topographic 
character is implied in the name given to the section. Remnants of 
plain surface, perhaps one-fifth of the total area, indicate by their uni- 
formity of altitude that the region in its topographic youth was like 
the Till Plains on the east and not like the Lake sections on the north. 
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The area covered by the Iowan drift sheet in northeastern Iowa is 
included in this section because its topography resembles that of the 
Kansan drift to the south rather than that of the Wisconsin drift to 
the north. The eroded surface of the former was overridden by the 
ice of the relatively recent Iowan glacial epoch and a thin mantle of 
new drift was deposited but the topographic effects were not great.* 


Great Plains Province.—General Relations.—Between the Rocky 
Mountains and the Central Lowland is a great eastward-sloping pla- 
teau, universally known as the Great Plains. The area which is 
topographically related to these plains is somewhat greater than the 
one commonly designated by the name, but the term Great Plains is 
more distinctive of the entire area than any other that might be chosen. 

The unity of this large region consists in its plateau character. It 
is thus sharply distinguished from the mountains on the west and, 
for the most part, satisfactorily delimited from the low plains on the 
east. It is conceded to be impossible to distinguish plateau from low 
plains on the basis of mere elevation above sea-level. The character- 
istics are always more or less relative, but the underlying thought is 
that a plateau, if not already dissected, lies high enough above base- 
level to admit of sharp dissection while a low plain does not. Con- 
sciously or unconsciously this principle underlies our distinctions, but 
to give an exact rule for the use of these terms may be impossible. 
This is the principle borne in mind in determining the boundary 
between the Central Lowland and the Great Plains. It has already 
been shown (p. 61) that, thruout the greater part of its length, this 
province is separated by a natural line (generally a dissected escarp- 
ment) from the Central Lowland on the east. 


Boundaries.—It is unnecessary to describe in detail the boundary 
line between the Great Plains and the mountains on the west. If 
drawn in the field by various observers the several lines selected would 
nowhere diverge more than a few miles. For most of the distance 
the boundary is approximately at the contact of Mesozoic and younger 
rocks on the east with Paleozoic and older rocks on the west. At the 
immediate foot of the mountains these younger rocks are generally 
upturned, the harder strata forming foothills of the hogback type. 
Generally the first prominent ridge of this kind encountered in ap- 
proaching the mountains should be taken as the boundary. Where 
such foothills are not present, as in the Lewis Mountains in northern 
Montana, and locally in the Bighorn of Wyoming and the Sangre de 
Christo of Colorado, the rise from the plain is generally so abrupt that 
the boundary may be drawn with sufficient accuracy on the United 


* Frank Leverett and Wm. C, Alden,—personal communications. 
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States Geological Survey contour map of the United States. (Scale 
40 miles to 1 inch.) 

The criteria here given suffice for the tracing of the province bound- 
ary southward from Canada at the foot of the Lewis Mountains, and 
eastward around the Big Belt and Little Belt Mountains in Montana. 
South of the Little Belt Mountains the real mountain front swings 
50 miles westward to the Bridger Range on the 111th meridian, and 
then again eastward at the northern base of the Snowy and Beartooth 
Mountains which border the Yellowstone Plateau on the north. This 
great embayment of the mountain front is partially occupied by the 
Crazy Mountains, an isolated mass similar to other volcanic centers 
on the Great Plains. South and west of the Crazy Mountains is a 
strip of valley, continuous with and resembling the Great Plains, but 
north of these mountains the valley is high and rough. It seems best, 
therefore, to include the Crazy Mountains in the northern Rocky 
Mountain Province. The province boundary on the accompanying 
map is therefore drawn at their eastern base. 

In a similar manner, after skirting the Beartooth Plateau, the prov- 
ince boundary is made to cut arbitrarily across the mouth of the Big- 
horn Basin (40 miles) to the end of the Bighorn Range. The Big- 
horn Basin is thus treated as a feature of the mountain province, 
similar to some other basins smaller than this which are entirely 
enclosed by mountains. 

From north to south along the foot of the Bighorn Mountains the 
line is determined both geologically and topographically within narrow 
limits. South of that for forty miles the Great Plains must be arbi- 
trarily cut off from a similar plateau, the Wyoming Basin. This 
cut-off is inevitable, as it is impossible to treat southwestern Wyoming 
and northwestern Colorado as an extension of the Great Plains. The 
line from the Bighorn Range to the Laramie is described on page 80. 

Along the Laramie Mountains of Wyoming, the Rocky Mountain 
Front Range in Colorado, and the Wet Mountains south of the Arkan- 
sas River, there are few breaks in the line of hogback foothills. The 
province boundary is thus well marked. The line as here drawn 
passes behind Huerfano Park (southwest of the Wet Mountains) 
allotting it to the Great Plains. It likewise passes west of the Spanish 
Peaks which are isolated volcanoes east of the Rocky Mountains, and 
continues southward between the horizontal strata of the Plains (late 
Cretaceous and early Tertiary) and the upturned strata of the foot- 
hills (Cretaceous and Carboniferous). The lines on the accompanying 
map follow as nearly as possible the geologic map of Colorado (Colo. 
Geol. Surv., 1913). Some uplands above 8,000 feet are thus assigned 
to the Great Plains Province. The equally high Ocate Plateau (lavas) 
to the south is part of the same province, the line following, as before, 
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the hogbacks of Cretaceous and Carboniferous rocks on the west of the 
voleanic plateau south to latitude 35° 30’. Approximately at that 
place the mountains on the west come to an end and the Great Plains 
are interrupted by a great east-west escarpment from which the Las 
Vegas Plateau (Cretaceous) on the north overlooks the Pecos Valley 
(Triassic) on the south. 

The Pecos Valley, a highly characteristic portion of the Great Plains, 
is well delimited on the west by the Glorieta Mesa, the “ Hills of 
Pedernal,’’** and the Mesa Jumanes, which lie within the Basin-and- 
Range Province. The scarp used as the boundary line (altitude 6,250 
to 6,500 feet) is fairly well shown on Hill’s “ Map of Texas and Parts 
of Adjoining Territories,” accompanying his Physical Geography of 
the Texas Region.* 

Southward from the Mesa Jumanes the topographic break which 
limits the Pecos Valley on the west is traced at the foot of the following 
mountain ranges in the order named: the Jicarilla, Capitan, and Sac- 
ramente ranges in New Mexico, and the Guadaloupe, Davis, Comanche, 
Caballos, and Santiago ranges in Texas. This carries the boundary 
to the Rio Grande at longitude 102° 30’ west. North-of this river to 
the Southern Pacific Railroad (about forty miles), the boundary is 
fairly indicated by San Francisco Creek. The altitude of the foot of 
the Jicarilla Mountains at the northern end of this line is between 
5,000 and 6,000 feet, but the altitude of the boundary declines some- 
what uniformly to about 4,000 feet at the southern end. The exact 
plotting of this line awaits more detailed mapping. In any case the 
line is not a clear one for the mountains merge gradually into the 
plain, but there is no question concerning its rank as a major province 
boundary. 


Middle Sections of the Great Plains.—The Great Plains Province 
embraces ten sections which must be distinguished in the description 
or explanation of the topography. These sections can best be distin- 
guished and characterized by first considering the three which are 
represented in eastern Colorado and western Kansas. The middle one 
of these sections is well known as the High Plains. The other two 
are here called respectively the Plains Border and the Colorado Pied- 
mont. The threefold division is well recognized both popularly and 
scientifically, but the names here used for the eastern and western 
strips are not in popular use. 

The essential features of the topography of each of these sections 
and the nature of their boundaries will be best understood by reference 
to their origin. Consider these plains to have been a uniform smooth 


“©. E. Meinzer: Water Supply Paper 275, U. 8. Geol. Surv. 
* Topographical Atlas, U. 8. Geol. Surv., Folio No. 3. 
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surface stretching from the mountains to eastern Nebraska and Kansas. 
The central strip or High Plains is what is left of this flat surface, still 
covered by the late Tertiary beds to which the flatness is due. The 
Plains Border is the strip on the east from which the Tertiary mantle 
has in large part been eroded and which is now dissected but not 
reduced to the low relief which characterizes the Central Lowland. 
It is in general a hilly country. The climate in this strip is slightly 
more humid than in the High Plains and the headwaters of east-flowing 
streams are pushing westward and broadening the Plains Border at 
the expense of the High Plains. The Colorado Piedmont has likewise 
lost much of its Tertiary cover and all of its original flatness, but for 
a different reason. Here the climate is drier than on the High Plains 
and the bunch grasses which grow here afford poor protection against 
erosion as compared with the closely matted sods of the High Plains.” 
These three subdivisions may therefore be regarded as (1) a strip of 
residual plain in the middle, (2) a strip of degraded plains on the 
west, and (3) a strip of dissected plains on the east. 

The High Plains are limited on the north by the Pine Ridge escarp- 
ment, a north-facing scarp, locally 1,000 feet high, at the northern limit 
of the later Tertiary formations. It extends east from near the north 
end of the Laramie Mountains in Wyoming, thru the northwestern 
corner of Nebraska and northeastward into South Dakota about 50 
miles south of the Black Hills. Farther east it loses its sharpness and 
near the 100th meridian it dies out. 

The eastern and western boundaries of the High Plains cannot now 
be drawn with accuracy except for a part of the distance in their 
southern extensions. Here, in northwestern Texas and Oklahoma, the 
typical flat High Plains, under the name of Llano Estacado, are practi- 
cally coextensive with the later Tertiary formations. In the states 
north of Oklahoma, these formations have been very much eroded and 
the original flat surface survives only in patches between streams. A 
good idea of their distribution is conveyed by the map given on the 
frontispiece in the paper by Johnson.*” The topographic mapping of 
the Great Plains has not advanced sufficiently to make possible the 
accurate delineation of the area within which these remnants are abun- 
dant. For the present it is only possible to indicate the area still 
covered by the later Tertiary beds, as shown on the Geologic Map of 
North America. On the accompanying map this is done by a general- 
ized line which excludes the marginal fringe. It is certain that the 
High Plains as here defined cannot exist outside of that area, but it 
is equally certain that much of the area thus included in the High 


Plains has not a representative topography. In other words, the rem- 


“Willard D. Johnson: The High Plains and their Utilization, 21st Ann. Rep. 
U. 8. Geol. Burv., 1900, Part IV. p. 629. 
“ Willard D. Johnson: loc cit., Pl. CXIII. 
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nants of typical High Plains exist only where the later Tertiary forma- 
tions have suffered no erosion, while the boundary as shown in the 
accompanying map includes all the area from which these formations 
have not been totally removed. Two large areas which will need to 
be distinguished in a more detailed treatment of the area are the 
Sand Hill country of western Nebraska and Goshen Hole, an extensive 
denuded tract traversed by Platte River on the Wyoming-Nebraska 
boundary. 


Northern Sections of the Great Plains.—North of the High Plains 
and separated from them by the north-facing Pine Ridge escarpment 
is the Missouri Plateau, so named because it is drained by the upper 
Missouri and its tributaries. Like the name “ Allegheny Plateau,” in 
the east, this name is applied to two sections, the one glaciated, the 
other not. The Missouri Plateau has a topography resulting from 
extensive degradation. Monadnocks or exhumed mountains show that 
this degradation has been, at places at least, several thousand feet. 
The Missouri Plateau, therefore, corresponds in a manner to both the 
Plains Border and the Colorado Piedmont, which here unite around 
the northern end of the High Plains. Erosion in a recent cycle has 
made extensive badlands which, in a more detailed classification, might 
be set off as a subsection. 

Within the Missouri Plateau are several isolated groups of moun- 
tains of which the Black Hills constitute the largest. The size and 
physiographic importance of this domed mountain uplift require that 
it be treated as a separate section of the Great Plains Province. It is 
surrounded by residual monoclinal ridges, the outermost of which indi- 
eates the proper boundary of the section. 

The Glaciated Great Plains, while mentioned here as a section, 
because of very limited extent in the United States, extend far to the 
north in Canada. Their extent is probably comparable with that of 
the unglaciated portion of the province. In the treatment of the 
entire area it will doubtless be found necessary to recognize more than 
one section in the glaciated portion, which may then, if desired, be 
treated as a subprovince. 


Southern Sections of the Great Plains.—South of the Colorado Pied- 
mont is the Raton section, a strongly characterized division in north- 
eastern New Mexico and southern Colorado. It is characterized by high 
mesas (in part lava flows) cut by deep canyons; elsewhere by isolated 
buttes (chiefly voleanic) rising above the general level of the Plains. 
The southern edge of this subdivision is a south-facing escarpment 
overlooking the Canadian and Pecos Valleys. 

For a distance of 400 miles in eastern New Mexico and western 
Texas the Pecos Valley borders the High Plains on the west. On the 
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east side rises the west-facing escarpment of the Llano Estacado (High 
Plains) 500 to 700 feet high. The Pecos Valley and the Raton sec- 
tion are genetically allied to the Colorado Piedmont; their forms 
(except voleanic) are due to erosion of the High Plains whieh Sormenky 
extended west to the Rocky Mountains. 

South of the High Plains and continuous with them is the Edwards 
Plateau which, as a section of the Great Plains, includes the Stockton 
Plateau west of Pecos River. This section is distinguished from the 
typical High Plains on the north by the absence of a Tertiary cover 
(see Geologic Map of North America) and of the corresponding flat 
topography. In place of it is the more or less roughened surface of 
the strong and very thick Lower Cretaceous limestone. Pecos River 
crosses it in a narrow valley separating the Edwards Plateau, strictly 
so called, from the Stockton Plateau on the west. Except where the 
limestone substratum runs beneath the Tertiary cover on the north, the 
Edwards Plateau east of Pecos River is almost everywhere terminated 
by an escarpment. West of that river the plateau continues southward 
into Mexico and abuts against the mountains of the Basin-and-Range 
Province. The edges of the Edwards Plateau are dissecting. On its 
eastern and northern sides is a broad frayed margin analogous to the 
Plains Border farther north. 


Texas Hill Section.—There is a large area in Central Texas which, 
for a want of a better name, may be called the Texas Hill section. 
The name is not satisfactory and its boundaries are not sharp; it is 
not itself a unit in topography, but comprises five or six subdivisions, 
each with its own individuality and needing separate treatment in 
any detailed account. The whole is, however, a dissected and partly- 
denuded tract, bordered on the one hand by residual plateaus and on 
the other by relatively low plains. It is more advanced in its erosion 
eycle than the plateaus on the west and south, and less advanced than 
the prairies on the north. 

The topographic relation of this section to its neighbors is rendered 
clearer by a consideration of its origin. It should be remembered that 
the whole of central Texas was once covered by a great eastward-sloping 
cover of early Cretaceous strata, the Edwards limestone. This was 
underlain for the most part by weaker rocks, but not everywhere. 
West and south of the center, this strong cover still persists in the 
Llano Estacado and the Edwards Plateau. To the east in the Coastal 
Plain the same formation is buried, and the surface of the country is 
too near its baselevel to be deeply dissected. On the north, the same 
strong limestone has been entirely stripped away from the locally base- 
leveled Permian prairies. Only in the center is the work of reducing 
the strong rocks but half done. We have therefore on the west and 
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south, plateau not yet cut down; on the east, low plains too low to be 
much cut down; on the north, rolling prairie already denuded ; in the 
center, a hill country in process of down cutting. 

The above statement is necessarily the result of generalization. It 
is not to be expected that an area so defined should have clean-cut 
boundaries. However, the contrast between this area and its neighbors 
is sufficiently sharp to have received expression in the language of the 
people. From this source Hill has appropriated the names Burnet 
Country, Callahan Divide, Lampasas Country, and others which are 
applied to districts within this great area.** 

The western and southern portions of this Hill section are merely 
the local representatives of the dissected Plains Border as defined above. 
The whole section is, in fact, a greatly expanded and diversified 
phase of the Plains Border. It is not a part of the “Great Plains,” 
but it belongs in the Great Plains Province. As stated above, the 
strong limestone which makes the Edwards Plateau lies beneath the 
surface of the Coastal Plain, its dip being easterly. At the western 
margin of the Coastal Plain it emerges partly by reason of its easterly 
dip and partly because of the Balcones fault (p. 45). A considerably 
eroded north-south strip on the limestone west of this line is known 
as the Grand Prairie. With increasing altitude toward the west the 
limestone becomes deeply dissected. The rough country thus produced 
(north of Colorado River) is Hill’s “ Lampasas Cut Plain.” Stretch- 
ing westward from these “ cut plains ”’ to the still more rugged fringe 
of the Great Plains is a line of plateau remnants marking the “ Cal- 
lahan Divide ” between the head waters of the Brazos on the north and 
those of the Colorado on the south. It is a rough country having the 
same history as the “ cut plain” on the east and the “ Plains Border ” 
on the west, but in a more advanced stage of erosion than either of 
these. North of this line of buttes and mesas are the prairie benches 
and east-facing escarpments of the denuded Permian, drained by the 
Brazos head waters. To the south also, and hence within the section 
herein cutlined, the headwaters of the Colorado have reduced many 
areas to lower elevation and gentler relief. 

Much of this area, tho stripped of its former cover of Lower Cre- 
taceous limestone, has not been reduced even approximately to its local 
baselevel because: the rocks thus exposed are themselves resistant. 
This applies to the area of pre-Cambrian rocks in the southeast part 
of the province (Hill’s “ Burnet Country”) and to a strip of Car- 
boniferous rocks in the northeastern part of the section (Hill’s “ Palo 
Pinto Country”). These parts of the province are quite as rugged 
as the “Cut Plain” and the “ Plains Border” with their partly- 
~*R. T. Hill: Topographical Atlas, U. 8. Geol. Surv., Folio No. 3, 1900. 
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destroyed cap of Edwards limestone, but the styles of relief are 
different. 

On the south this section is not sharply separated from the Edwards 
Plateau. The latter is itself partly dissected, and progressively more 
so as its edges are approached. Hence on the north it passes gradu- 
ally into the semi-denuded basin which is here styled the Texas Hill 
section. The line of separation here used is essentially the edge of 
the Lower Cretaceous as shown on the Geologic Map of North America. 
The area of pre-Cambrian rocks, and that in which Lower Cretaceous 
outliers are found, are assigned to the Texas Hill section. 

On the west likewise, this section has been delimited from the Ed- 
wards Plateau and the Llano Estacado, largely on the basis of the 
geologic map. On the north, the topographic sheets of the United 
States Geological Survey have been used in separating this section of 
rough surface and outlying plateau remnants from the approximate 
peneplain of the Central Lowland. 


Interior Highlands. 


Ozark Plateaus.—The Ozark Province is distinguished from all its 
neighbors by its greater altitude. While the Ouachita Mountains are 
equally high, the part of that province which is adjacent to the Ozark 
Province, namely the Arkansas Valley, is a lowland. 

Boundaries.—The most clearly marked boundary of the Ozark Prov- 
ince is on the southeast where it is separated from the Coastal Plain by 
a distinct topographic break extending from Cape Girardeau on the 
Mississippi southwest to the Arkansas River. Thru a part of this 
distance a scarp may be seen from the St. Louis, Iron Mountain and 
Southern Railway which follows the inner edge of the Coastal Plain 
generally five to fifteen miles from the boundary. The scarp marks 
the contact of Paleozoic rocks with Tertiary and Quarternary. 

Northward from Cape Girardeau the Ozark Province is bounded 
on the east by the Till Plains. Their relatively low altitude and level 
surface clearly distinguish them from the more elevated and dissected 
Ozark Province. The characteristics of the latter are due to a dome- 
like uplift. The limits of this dome are not sharply marked, but the 
Mississippi flows approximately at its base and likewise marks the 
western limit of the glacial drift. It is therefore taken as the province 
boundary as far north as the mouth of Meramec River near St. Louis. 
In a similar manner the Missouri may be used as the northern bound- 
ary, but it is necessary to exclude from the Ozark Province the area 
of Carboniferous rocks lying west of the Mississippi and south of the 
Missouri near the mouth of the latter. This inter-stream area (St. 
Louis and vicinity) is a part of the Dissected Till Plains of the Cen- 
tral Lowlands. 
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Sharper topographic contrasts both on the north and on the east 
might perhaps be found by following certain geologic lines as is done 
elsewhere, but such lines would be more irregular than the rivers. A 
strip a few miles wide on the north side of Missouri River has a purely 
erosion topography no longer influenced by the wasted drift, altho the 
position of Missouri River was essentially determined by the edge of 
the drift. Such ragged edges are, however, the rule rather than the 
exception among physiographic divisions. 

The western boundary of this province is least definite, but the con- 
tact between Lower and Upper Carboniferous rocks has already been 
used for a part of the distance.*® Some of the distinctive Ozark 
features are associated with the Lower Carboniferous rocks and there 
is a similar association of the Upper Carboniferous with the prairies 
on the west and north; hence it seems best to use this contact as the 
province boundary as far as possible. Thru much of its extent it is 
followed by small streams which mark the boundary with sufficient 
accuracy for general purposes. In this way after leaving the Mis- 
souri River, Blackwater Creek might be followed and, after an interval, 
Osage River, Sac River and Cedar Creek in turn, and, still farther 
south, Spring and Neosho Rivers. 

The southern boundary of the Ozark Province is at the southern 
base of the Boston Mountains. For most of the distance this is a 
ragged escarpment not many miles north or south of the parallel of 
35° 30’. Locally the south-sloping dissected plateau called Boston 
Mountains, merges gradually into the Arkansas Valley. The line 
used in the accompanying map is a generalization from the topographic 
sheets of the United States Geological Survey. 


Sections of the Ozark Province.—The Ozark Province consists of 
three rock terraces separated by the retreating escarpments of the 
higher terraces. The northern ones, embracing most of the province, 
are sufficiently alike to be included in a single section—the Springfield- 
Salem Plateaus— tho separated by the bold east-facing escarpment of 
the Mississippi limestone. The foot of the eroded north-facing escarp- 
ment of the Boston Mountains is indicated on the geological map of 
North America by the edge of the Upper Carboniferous in Northern 
Arkansas. 


Ouachita Province.—The topography of the Ouachita Province is 
dependent on folded rocks—mildly folded in the northern section 
(Arkansas Valley), and closely folded in the southern section (Ou- 
achita Mountains). On the east and south the topography thus deter- 
mined is strongly contrasted with that on the flat-lying strata of the 
adjacent province. The boundary line on these sides is indicated on 
the geologic map by the edge of the Paleozoic rocks. On the west side 
~® Geo. I. Adams: U. 8. Geol. Surv., 22d Ann. Rep., Pt. II, p. 69. 
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the boundary is not accompanied by any geologic contrast. Even on 
this side the topographic break is in general well marked, tho for 
twenty or thirty miles south from Arkansas River the line is indefinite. 
It has been located by Taff** between the gently folded rocks and low 
level-crested ridges of the Arkansas Valley on the one hand and, on 
the other, the nearly horizontal beds which occasion the benches and 
low scarps of the Osage Plains. 

The Arbuckle Mountains, west of the Ouachita, consist of deformed 
strata peneplained and uplifted or given local prominence by circum- 
denudation. Nowhere do they rise more than 400 feet above the 
adjacent prairies; the average for the area is much less. These so- 
called mountains are mentioned here because they have been treated 
by some as a part of the Ouachita Province. They are separated by 
ten or twelve miles of prairie plain whose character is more like that 
of the Osage Plains than like that of the Arkansas Valley. If the 
Lehigh Basin“ between the two mountain ranges be classed with the 
Ouachita Province (Arkansas Valley), the Arbuckle Mountains become 
contiguous and should be included by drawing the boundary around 
them in such a manner as to include all strata older than Devonian.** 
In the accompanying map and classification the Arbuckle Mountains, 
like the much higher Wichita farther west, are regarded merely as an 
exceptional feature of the Central Lowland. 

The boundary between the Ouachita Mountain section and the 
Arkansas Valley section is fairly indicated by the Rock Island and 
Pacific Railway which in general follows the first valley north of the 
mountain section. It runs a little north of the 35th parallel in Arkan- 
sas and a little south of it in Oklahoma. A few miles east of McAl- 
ester, Oklahoma, this line intersects the western boundary of the 
province. 

Rocky Mountain System. 

Southern Rocky Mountains.—Between central Wyoming and north- 
ern New Mexico the southern Rocky Mountains form a continuous 
mountain area, interrupted only by such valleys as belong distinctively 
to a mountain country. 

Except near the south end, the entire eastern boundary of this 
mountain province is easily traced on the contour map of the United 
States (scale 40 miles to 1 inch) and may be seen as a mountain front 
by an observer standing a few miles distant on the Great Plains. In 
southern Colorado and northern New Mexico, such observations are 
less satisfactory. This portion of the Great Plains Province is itself 
very rugged, a high and deeply dissected plateau belonging to the 

“Joseph A. Taff: Tishomingo folio No. 98, Atlas U. 8. Geol. Surv., 1903, p. 1. 

“ See Coalgate folio No. 74, U. 8. Geol. Surv., and Atoka folio No. 79, U. 8. Geol. 


Surv. 
@ Joseph A. Taff: U. 8. Geol. Surv., Prof. Paper, No. 31, p. 13. 
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Raton section. Views of the mountain front must therefore be had 
from high points on the plateau. 

The eastern boundary of the province is likewise clearly marked on 
the geologic map. In general the Cretaceous and all younger rocks 
belong to the Plains Province, the exceptions being only a narrow belt 
of hogback foothills. The very narrow zone of Jura-Trias, where 
present, belongs to the same foothill belt and therefore to the moun- 
tain belt, which likewise includes all older rocks. The ranges thus 
fronting on the Great Plains are the Laramie, chiefly in Wyoming; 
the Colorado Front Range from near the Wyoming boundary to the 
Arkansas River ; the Wet Mountains (en echelon with the Front Range) 
from the Arkansas to Huerfano Park; and the Sangre de Christo 
Range (en echelon with the Wet Mountains) from Huerfano Park to 
the southern extremity of the province. 

The southern limit of the Sangre de Christo Range is definite, both 
structurally and topographically. This granite-cored mountain uplift 
comes to an end at the Glorieta Mesa. The boundary here is essen- 
tially at the Santa Fe Railroad. There are other mountains in line 
with the Rockies farther south, but they are of different type, allied 
with those of the Great Basin and the Mexican Highland. 

For some distance west and north of Santa Fe it is impossible to draw 
a province boundary which shall include all the related mountains 
without at the same time including considerable areas of plateau con- 
tinuous with the Colorado Plateaus Province. The Rio Grande Valley 
west and north of Santa Fe is ten to twenty miles wide, its floor being 
a dissected plateau. This is continuous at the north with the broad 
flat plateau (Mesa de los Viejos) in which the Rio Chama has cut its 
canyon. West of the south end of the Sangre de Christo Range and 
separated from it by the valley of the Rio Grande are the Jemez 
Mountains and, on their western edge, the Nacimiento. The Jemez 
Mountains consist largely of dissected lava flows and tuffs and are 
thus similar to the San Juan Mountains to the north, the volcanic 
cover being continuous between them. The Nacimiento Range is a 
linear uplift similar to the Sangre de Christo. The character of both 
would justify their inclusion in the Rocky Mountain Province. It 
seems on the whole most consistent to include them, altho this neces- 
sitates including also parts of the broad Rio Grande Valley and the 
Mesa de los Viejos which separate the Jemez Mountains from the 
Sangre de Christo. The line here is much generalized, including in 
the mountain province the entire lava-covered belt of which the Jemez 
Mountains are the southern end and, in addition, the Nacimiento. 
A number of isolated eminences west of the lava-covered belt** are 


“See Topographic Map of the United States, U. 8. Geol. Surv., 1913; also Topo- 
graphic Sheet, Gallina Quadrangle. 
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apparently mere residual buttes incident to the large amount of erosion 
which has occurred on the Colorado Plateau. 

North of the Rio Chama the province boundary soon becomes clear. 
For a long distance it is marked by the Dakota (Cretaceous) hogback 
which follows closely the edge of the voleanic rocks of the San Juan 
Mountains. 

In southwestern Colorado the mountain province comprises, in the 
main, all rocks older than Mesozoic, together with contiguous areas of 
eruptives. A boundary line so located will include in the mountain 
province south of latitude 38° 45’ the following contiguous ranges and 
groups: San Juan, La Plata, Rico, Uncompahgre, and West Elk. 
Certain parts of this line are highly irregular by reason of spurs and 
embayments in the mountain front. Moreover, the agreement of this 
front with the actual contact of the rocks mentioned is necessarily only 
approximate because of erosion and minor structural features, such as 
hogback foothills. The two lines, topographic and geologic, are, how- 
ever, fundamentally related. The final appeal is, of course, to the 
topography, the geology being understood to be interpretative rather 
than definitive. Further refinement in the location of this boundary 
awaits more detailed work. 

North of latitude 38° 45’ it is necessary to include in the mountain 
province all the closely-grouped laccolitic mountains which lie in the 
reéntrant between the Elk Mountains and the West Elk. The bound- 
ary may be considered to run tangent to their bases and to continue 
north along the line of the Huntsman’s Hills, a prominent range of 
monoclinal foothills on the west side of the Elk Mountains. With 
a break of only a few miles at the valley of Grand River, this strong 
monoclinal ridge is continuous to the northwest all the way to the 
Uinta Mountains. It ranges in height from 500 to 1,500 feet. North 
of Grand River it is called the Grand Hogback. Here it flanks the 
White River Plateau, a mountain structure of the Uinta type (see 
below). Thruout its length the west or southwest slope of this great 
monoclinal range merges into the Colorado Plateau. Its east or north- 
east slope facing the mountain province is generally scarp-like. 

The White River Plateau is a true mountain uplift,** tho like the 
Uinta Range its uplift was accomplished without greatly disturbing 
the horizontality of the strata except on the flanks where they are 
steeply upturned. Its summit, known locally as the Flattop Moun- 
tains (formed in part of lava flows), rises to levels of 10,000 to 12,000 
feet. 

The boundary of the Southern Rocky Mountain Province on the 
north and east sides of the White River Plateau is similar to that 
already described on the southwest side, but the ridges are less con- 
~ 440, A. White: U. 8. Gecl. Surv., 9th Ann. Rep., p- 705. 
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tinuous and imposing. A southeasterly extension of the Wyoming 
Basin east of the White River Plateau reaches south to Grand River. 
North of that river the Park Range (here the westernmost range of 
the Southern Rocky Mountain Province) is separated from the Wyo- 
ming Basin by a fairly abrupt topographic break. The province 
boundary is marked by hogback foothills. 

In assigning the above described limits to the Southern Rocky Moun- 
tain Province, a considerable area of lofty and deeply dissected plateau 
of nearly-horizontal strata is also included between the White River 
Plateau on the northwest and the Elk, Holy Cross and Park Ranges 
on the south and east. The highest plateau remnants in this district 
are more than 11,000 feet above the sea. The general aspect of this 
country is mountainous and its relations to the structurally deformed 
areas are intricate. In so far as it cannot be called true mountain 
it is properly treated as an intermontane feature of the mountain 
province. 

The Southern Rocky Mountain Province terminates at the north in 
three branches or prongs which indent the Wyoming Basin. These are 
the Sierra Madre or Encampment Mountains (the northern extension 
of the Park Range), the Medicine Bow Range, and the Laramie Range. 
All these rise somewhat abruptly above the plains of the Wyoming 
Basin. The edge of the mountain province is at most places marked 
by hogback foothills. Except for a local and narrow belt of Mesozoic 
foothills, all rocks of that age and younger are excluded from the 
mountain province. 


Wyoming Basin.—The two mountain provinces, northern and south- 
ern Rockies, are not connected by any continuous range. On the other 
hand, a plateau surface is continuous from the Great Plains on the 
east to the Colorado Plateau on the south. South and west from 
central Wyoming, this transverse plateau expands into a basin having 
an extreme east-west length of 250 miles and an almost equal width. 
Single ranges from the mountain provinces project finger-like into this 
basin, and some low isolated mountains rise from its plateau surface. 
These would be higher if not buried in part by younger horizontal 
beds. They indicate that structurally the two mountain provinces are 
continuous. 

The small isolated ranges in the Wyoming Basin are mainly in the 
northeastern part. Their structural trend is more nearly east-west 
than north-south and is therefore in line with that of the adjacent 
ranges of the two mountain provinces, the Wind River, Owl Creek, 
and Bridger Ranges on the north, and the north end of the Laramie 
Range on the east. This serves to emphasize the unity of the whole 
Rocky Mountain system. Topographically, or geographically, it is 
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interrupted, but geologically it is continuous beneath the horizontal 
sediments which make the Wyoming Basin. 

The boundaries between this basin and the Southern Mountain Prov- 
ince have already been traced (p. 79). The boundary between this 
province and the Northern Rocky Mountains is described under the 
head of the latter (p. 81). Both are topographically clear and both 
lie near the line of contact between the Mesozoic (or younger) rocks 
and the Paleozoic (or older). For a large part of the distance the 
boundary is marked by hogback foothills. 

For a stretch of fifty miles at the northeast there is no prominent 
barrier between this basin and the Great Plains. They must be sepa- 
rated by a more or less arbitrary line connecting the Bighorn Moun- 
tains with the Laramie Hills. By following anticlinal axes more or 
less marked by lines of hills, the gap to be crossed may be reduced to 
about fifteen miles. The boundary thus located runs from a point on 
North Platte River six miles west of Caspar, in a north-northwesterly 
direction, allotting to the Wyoming Basin all rocks older than the 
Niobrara Cretaceous.*° 

The continuity of the Wyoming Basin with the Colorado Plateau 
on the south is less perfect than with the Great Plains on the east. 
Between the basin and the Colorado Plateau lies the range of Dan- 
forth Hills, a broad, complex, and deeply eroded, anticlinal ridge 1,000 
to 1,500 feet in height. This ridge connects the Uinta Range of the 
Northern Rocky Mountain Province with the White River Plateau of 
the Southern Rocky Mountain Province. The Danforth Hills are 
plateau-like rather than mountain-like, and are, therefore, included in 
the Wyoming Basin. Isolated uplifts of similar structure and topog- 
raphy are found within the basin. White River flows at the southern 
base of the Danforth Hills and approximately marks the province 
boundary. 


Northern Rocky Mountains.—The Northern Rocky Mountain Prov- 
ince embraces all contiguous mountains in the United States north and 
west of central Wyoming to the Cascade Mountains in northern 
Washington. For about seventy-five miles south of the International 
Boundary the Rocky Mountain system borders on the Cascade range. 
Thruout its remaining 2,500 miles, the boundary of this province 
is marked almost everywhere by a contrast of mountains on the 
one side and plateau on the other. For the greater part of this dis- 
tance the contrast is sufficiently sharp to be visible in the field within 
a single view. The boundary line traced in this way is highly irregu- 
lar. The province is not of compact shape, but shows irregular pro- 
jections. The advantage of drawing the boundary in this detailed way 
~ ® Manuseript map by C. J. Hares; prepared for U. 8. Geol. Surv. Bull., No. 641. 
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is that the line on the map corresponds to something visible in the 
field. The area within the line is all mountainous, the valleys being 
so narrow as to be plainly incidental to the mountain character. 
Greater compactness might be given to the province by generalizing 
the boundary line, but such compactness would exist only on the map 
and not in nature. 

The province as thus outlined embraces several scores of separate 
ranges and many important valleys bearing distinct names. The 
ranges differ in topography, structure, and physiographic history, but 
all together form a continuous expanse of mountain country extending 
northward far into Canada. 

The boundary between this province and the Great Plains on the 
east has already been traced in discussing the latter. At the south 
end of the Bighorn Mountains, where that range curves to the west 
under the name of Bridger and Owl Creek Mountains, the province 
boundary nowhere departs very far from the contact of the Cretaceous 
and Tertiary rocks on the one hand and the older rocks on the other. 
By following this contact the boundary. may be traced with consider- 
able accuracy on the Geologic Map of North America. Locally the 
boundary is marked by hogback foothills. The valley of Wind River 
is thus included in the Wyoming Basin. The Wind River Mountains 
form a long peninsula of the mountain province indenting the Wyo- 
ming Basin. Around these, as elsewhere, the boundary line follows 
hogback ridges where present, and essentially the edge of the Tertiary 
rocks where such ridges are absent. In like manner the line surrounds 
the upper Green River Basin, following the southern foothills of the 
Gros Ventre Range and the eastern foothills of the Hoback and Wyo- 
ming Ranges. South of latitude 42°, the ranges of western Wyoming 
decline in altitude and become mere parallel lines of hogbacks, rising 
to a maximum height of 700 feet above the plains which here occupy 
much more of the area than do the mountains. It seems best, how- 
ever, to treat this shrunken extension of the large mountain ranges as 
a part of the mountain province. The boundary line is accordingly 
extended south at the foot of the easternmost monoclinal ridge of 
Mesozoic strata. 

Near the southwestern corner of Wyoming the line passes to the 
northern foot of the Uinta Mountains. By the criteria named above, 
it surrounds this range which overlooks the Wyoming Basin to the 
north and the Colorado Plateaus to the south. Continuing southward 
to Mount Nebo, at the southern extremity of the Wasatch Range, the 
line follows the base of the mountains to Salt Creek and Nephi. All © 
rocks older than Mesozoic are plainly in the mountain province. 

Going north at the west foot of the Wasatch, the province boundary 
is marked by a perfectly clear and abrupt topographic break separating 
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the Wasatch Mountains from the Great Basin. This boundary is so 
located as to leave to the west all the Quaternary filled basins, so 
highly characteristic of the Great Basin. It follows the valley of Bear 
River northward to latitude 42° 40’. Thence it continues north along 
the course of Blackfoot River at the western base of the Blackfoot 
Mountains. 

At a point south of Idaho Falls the line thus described intersects the 
boundary of the Snake River Plains. Northeast of that point to lati- 
tude 44° 30’ the boundary of the mountain province lies close to Snake 
River and its tributary, Henry’s Fork. West and southwest of Yel- 
lowstone Park the province boundary separates two lava plateaus, the 
lower, nearly level and unforested Snake River Plateau on the west, 
and the higher, forested and rougher plateau of the Yellowstone on 
the east. The Snake River Plateau consists essentially of basalt; the 
Yellowstone Plateau, of rhyolite. Disregarding a moderate amount of 
recent erosion, the relatively level basalt surface may be seen to abut 
against the edge of the rhyolite. The difference in altitude between 
the two plateaus ranges from several hundred to several thousand feet.* 

In latitude 44° 30’ the province boundary turns west at the southern 
foot of the east-west mountain range which here forms the continental 
divide. The basalt continues on the lower or plains side of the line, 
while the rhyolite on the north soon gives way to the strong meta- 
morphic rocks of the mountains of southeastern Idaho and later to the 
granitic rocks of the great Idaho batholith. In a large way the geologic 
line thus defined is in striking agreement with the foot of the mountains 
and the edge of the plateau. The altitude of this line is about 6,000 
feet in eastern Idaho, but declines westward. The boundary line thus 
defined continues west to longitude 116° near Boise City, thence 
nearly north at the contact of the lava flows on the west with the 
ancient batholith which constitutes the Salmon River Mountains. 

Between the parallels of 45° and 45° 30’ there lies, west of the 
great compact mass of mountains, a semi-detached mass called the 
Seven Devils. This corresponds in a general way to the area shown 
as Jura-Trias on the Geological Map of North America. These moun- 
tains are separated from the great mountain mass to the east by narrow 
valleys only and not by a portion of the plateau. They are therefore 
included in the Northern Rocky Mountain Province. The profound 
canyon of Snake River borders its western base and is taken as the 
province boundary at this place. West of the canyon is a narrow strip 
of the lava plateau, beyond which rise the Blue Mountains, a section 
of the Columbia Plateau Province. 

North of the Seven Devils, the province boundary returns to the 

46 Compare Transcontinental Guidebook, U. 8. Geol. Surv., Bull, 611, 1915, PI. 
15C and 15D. 
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contact between the Columbia basalts and the crystalline rocks of the 
great batholith (Clearwater Mountains). The western front of the 
mountains is bold tho irregular, being indented by lava-filled bays. 
North of the great batholith, the metamorphic sediments which con- 
stitute the Coeur d’Alene Mountains present a similar front to the 
west, being everywhere limited by the edge of the basalts. The granite 
hills west of Coeur d’Alene Lake rise above the lava plateau and are 
included in the mountain province. East of Spokane is a reéntrant 
in the outline of the mountain province, indicated on the Geologic Map 
by an eastward extension of the recent lavas. Westward from this 
locality to the Cascade Mountains the province boundary is well marked 
by the Spokane and Columbia Rivers.** Only a small patch of the 
lava plateau occurs north of the Columbia, east of the mouth of the 
Okanogan. ** 

Okanogan River is customarily spoken of as the boundary between 
the Northern Rocky Mountain Province and the Cascade Mountains. 
Properly speaking, the entire Okanogan Valley, twelve miles in width, 
should be included in the former province which is, in this part, much 
lower than the Cascade Mountains. The steep east front of the latter 
lies about ten miles west of the Okanogan at the International Bound- 
ary.*® At this place Similkameen River marks the boundary sharply. 
The boundary here used continues the line of Similkameen River 
southward at an elevation of about 3,000 feet. 


Intermontane Plateaus. 


Columbia Plateau.—Included between the Northern Rocky Moun- 
tains, the Cascade Range and the Basin-and-Range Province, is the 
Columbia Plateau, so named because it lies mainly within the drain- 


“When the Rocky Mountain provinces are divided into sections the relatively 
low rounded mountains west of Colville and Columbia rivers (longitude about 117° 
30’) must be distinguished from the higher and more rugged mountains to the east. 
For some purposes, geologic rather than physiographic, it is convenient to consider 
this section as a member of the Intermontane Plateaus which thus become a con- 
tinuous belt from Mexico to Alaska. Topographically, this great longitudinal belt 
is interrupted by a narrow transverse belt of low mountains. This mountain sec- 
tion is totally unlike the plateau to the south but it grades into the Interior Plateau 
of British Columbia which, like much of the Intermontane Plateau belt in Canada 
and Alaska, consists of worn down mountains with local remnants of horizontal 
lava flows. In treating the entire continent the northern and southern halves of 
the Intermontane Plateau belt should be made divisions of codrdinate rank. For 
purely physiographic and geographic studies, these are separated by the narrow 
transverse belt of mountains in northern Washington. In studies of another char- 
acter these low mountains may be included in the northern division. 

“J, T. Pardee: Personal communication. 

“For description of local topography see G. O. Smith and F. C. Calkins: ‘A Geo- 
logical Reconnaissance Across the Cascade Mountains along the 49th Parallel, U. 8. 
Geol. Surv, Bull., No, 235, p. 13. 











84 N. M. FENNEMAN—PHYSIOGRAPHIC DIVISIONS OF UNITED STATES 


age basin of Columbia River. As a plateau of horizontal rocks (with 
only local exceptions and these not on the border) it is necessarily 
contrasted with the adjacent mountains. The boundary on the north 
and east has already been described in connection with the Rocky 
Mountains. 

The province boundary on the west is the foot of the Cascade Moun- 
tains. Both structurally and topographically the eastern border of 
this range in Washington is irregular and the boundary here given is 
at best an approximation. In Oregon the mountain front follows a 
more regular line along the west side of the Deschutes Valley. 

The southern boundary of the Columbia Plateau is against the Great 
Basin.*° The choosing of a boundary on this side is difficult. The 
characteristics of the two provinces are nevertheless so different that 
they must be separated by some line however arbitrary. The distin- 
guishing characteristic of the Columbia Plateau is its plateau surface 
on a substratum of lava. Those of the Great Basin are isolated 
mountain ranges separated by plains on unconsolidated detritus. In 
general the drainage of the Great Basin does not reach the sea, but 
distinctions in drainage (interior and exterior) cannot be used to 
define provinces (see p. 90). On the accompanying map a line has 
been drawn which, so far as possible, touches the northern ends of the 
northernmost Basin Ranges, leaving as little as possible of the lava 
plateau south of the line. From the Geologic Map of North America 
it appears that a considerable lava-covered area, probably in large part 
plateau and not covered by Quaternary sediment, is thus assigned to 
the Great Basin in Oregon, Nevada and California. However, at 
least a part of this is known to be characterized by tilted fault blocks, 
one of the types of basin ranges. 

It also appears that a considerable area in central Oregon, here 
assigned to the Columbia Plateau (Harney section), is covered by 
Quaternary sediments which are typical of the desert basin to the 
south. The extent and thickness of such a covering in this little studied 
country are uncertain. The subaerial accumulation is certainly insuf- 
ficient to prevent typical plateau dissection of the basalt substratum in 
the basin of Crooked River, the largest eastern tributary of the 
Deschutes. 

The boundary line in southeastern Idaho runs parallel to Snake 
River and not far from it. As here drawn it follows essentially the 
northern edge of the Quaternary deposits as shown on the Geologic Map 
of North America. This is not the limit of the Snake River drainage 
basin, which extends far to the south between the several mountain 
ranges. Passing southwest into Nevada, the edge of the basalt plateau 
becomes essentially the divide which limits the Snake River Basin. 


“ For the use of this term see p. 89. 
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In northern Nevada this divide turns to the northwest and continues 
to form the province boundary to the 43d parallel—that is to the north 
end of Steen’s Mountain. This north-south ridge and many west of 
it in southern Oregon have been described by Russell®* as tilted fault 
blocks and have been used by Davis as his type of young block moun- 
tains. Their relations are plainly with the Basin-and-Range Province. 
The boundary on the accompanying map is drawn in a rough way 
tangent to their northern ends. The basin of interior drainage cen- 
tering in Malheur and Harney Lakes is thus assigned to the Columbia 
Plateau. 

The subdivisions of the Columbia Plateau are as yet imperfectly 
outlined for want of detailed investigations. Little can be said of 
their limits except what is contained in their definitions given on 
page 41. 


Colorado Plateaus.—Boundaries.—The Colorado Plateaus Province 
occupies the greater part of the basin of Colorado River from which 
it takes its name. Its characteristic topography is determined in the 
main by greatly elevated, nearly-horizontal, strong strata, locally cov- 
ered by lava flows. As thus characterized, the province is distin- 
guished from its neighbors on all sides except from the Wyoming 
Basin. The mountains on the north and east are not only higher 
but have different topography and structure. In the Nevada Basin 
on the west and the Mexican Highlands on the south and southeast, 
horizontal beds are in general limited to the Quaternary filling of 
local basins. These beds are not indurated and not relatively elevated 
and are not, in general, subject at present to plateau dissection. They 
are therefore clearly distinguished topographically from the Colorado 
Plateaus. 

The features here named as characteristic of the Colorado Plateaus 
fail, however, to distinguish them from the Wyoming Basin. The bor- 
der-land between these provinces is described on page 80. In the 
accompanying map the boundary follows White River which flows at 
the south foot of the Danforth Hills, a complex anticlinal ridge which 
forms a structural connection between the Uinta Range and the South- 
ern Rocky Mountain Province. Topographically the ridge is not of 
sufficient importance to require that it be included in the Rocky Moun- 
tains. It rises only 1,000 to 1,500 feet above the plateau level, but 
its location and its structural relations give it importance as a con- 
necting link and a boundary line. 

The least satisfactory boundary of the Colorado Plateaus is in New 
Mexico. That portion which concerns the Southern Rocky Mountain 
Province between the San Juan and the Nacimiento Ranges has already 
been discussed. South of these mountains the boundary line separates 

"7, C, Russell: U. 8. Geol, Surv., 4th Ann. Rept. 
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the Colorado Plateaus on the west from a northern arm of the Mexican 
Highland on the east. As a part of the Basin-and-Range Province 
the latter includes débris-filled basins among its characteristic features. 
The valley of the Rio Grande in this part of New Mexico is typical of 
such basins except that it is now traversed by a thru-flowing stream. 
Its western boundary is against a typical portion of the Colorado 
Plateaus. This determines the province boundary about as far south 
as latitude 34° 30’. 

Leaving the Rio Grande Valley and turning southwestward in lati- 
tude 34° 30’, the boundary becomes indefinite, partly for want of 
sharp distinctions in Nature and partly, perhaps, because of the lack 
of detailed surveys of the region. As drawn on the accompanying 
map the line passes west of the Sierra Ladron; thence westward on 
the south side of the Bear, Gallina, and Datil Mountains. Those 
mountains appear to be remnants of nearly horizontal strata rising 
several thousand feet above the adjacent plains. They are therefore 
features of the Colorado Plateaus rather than of the Basin-and-Range 
Province, whose mountains are generally north-south ranges due to 
deformation. The line so drawn leaves to the south the Plains of 
San Augustin. This is a typical bolson. The Quaternary deposit 
which makes its floor is at least several hundred feet deep and may be 
much deeper. East of it is a small bolson of the same character. The 
nature of the mountains south of these plains is not known. Whether 
these bolsons occupy structural basins as do the characteristic bolsons 
of the Basin-and-Range Province is not known. Other origins are 
possible, but in the absence of more definite knowledge these bolsons 
are classed in the province of which the type is characteristic. Along 
the west side of this basin the line trends directly southwestward to 
the Arizona boundary, following the straight line of San Francisco 
River and its headwaters, the Tularosa, excluding from the plateau the 
Mogollon® and Tularosa Ranges. 

At the Arizona state line, latitude about 33° 30’, the province bound- 
ary turns abruptly to the northwest. It crosses the Clifton quadrangle 
(see U. S. Geol. Surv. topographic sheet), leaving all good plateau 
remnants to the north. Thence northwestward to Fort ‘Apache (longi- 
tude 110° W.), the line follows essentially the divide between the Gila 
River and the Little Colorado. On the north side of this divide the 
headwaters of the Little Colorado have incised themselves but little 
and the plateau is in large part preserved. On the other hand the 
tributaries of the Gila have steep gradients and among them the pla- 
teau is in large part destroyed. Continuing westward along the same 
divide, the line follows the edge of the lava-covered Mogollon Mesa. 
~ #Dp. EB Winchester: Personal communication. 

* Not to be confused with the Mogollon Mesa of Arizona. 
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Along the entire edge of this mesa, the boundary of the plateau is 
essentially at the edge of the lava. For a long distance south and 
west of Flagstaff, Verde River occupies a valley at the foot of the 
escarpment. The latter at this place is known as the “ Verde Breaks.” 

It will be observed that from the valley of the Rio Grande westward 
to Mogollon Mesa the boundary of the province follows no geologic 
line shown on available maps. Along the edge of that mesa the bound- 
ary follows the contact of lavas on the north with the lower-lying Car- 
boniferous on the south. West of the headwaters of the Verde the 
plateau edge for a long distance agrees with the edge of the Carbon- 
iferous rocks and the line may be traced from the geologic map. South 
of the Santa Fe Railroad there lies at the edge of the plateau a lower 
bench whose edge is called the Juniper Mountains.** This lower bench 
has a typical plateau surface on horizontal Carboniferous rocks. Far- 
ther to the northwest is another bench, the Truxton Plateau,°* whose 
surface consists of crystalline rocks, locally plateau-like, but grading 
into mountain forms which are typical of the Basin-and-Range Prov- 
ince. Back of these (on the northeast side) the edge of the Carbon- 
iferous rocks forms the Yampai Cliffs. These mark the province 
boundary and are continuous with the west-facing Grand Wash Cliffs 
which cross the Colorado at the mouth of the Grand Canyon near the 
114th meridian. 

The Grand Wash (fauit) Cliffs continue north of the Colorado to the 
Virgin River in southwestern Utah, which the province boundary fol- 
lows for a few miles, thus passing to the Hurricane fault scarp which 
continues in the same direction (north-northeast) through Cedar Lake 
(Rush Lake) and Parowan Valleys at least to Beaver.** Thence the 
province boundary continues in the same general direction at the west 
foot of the Tushar and Pavant Ranges. These, as stated by Dutton,*’ 
are of intermediate character between the High Plateaus and the Basin 
Ranges. They are, however, considered to be more closely allied with 
the former. Moreover, the Quaternary valley filling, so highly char- 
acteristic of the Nevada Basin, begins at their western foot. The 
same line continues north at the west foot of the Gunnison Plateau to 
Mt. Nebo, the southern extremity of the Wasatch Mountains. Thence 
around the Wasatch and Uinta Ranges the line has already been 
described. 

Within the great area thus surrounded are many plateaus needing 
individual description, separated by fault scarps, erosion scarps, and 

“N. H. Darton: U. 8. Geol. Surv., Bull. 435, Map, PI. I. 

* Willis T. Lee: U. 8. Geol. Surv., Bull. 352, Map, Pl. I. 

“Dutton: Atlas of the High Plateaus of Utah, U. 8. Geol. and Geogr. Surv. 


Rocky Min. Region, Sheets 2, 4, and 8, 1879. 
Geology of the High Plateaus of Utah, p. 7. 
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deep canyons. They differ in elevation, degree of dissection, and 
climate. There are also voleanic mountains and local orogenic uplifts 
interrupting the general plateau character; but as a distinct physical 
division of the United States this province has, amid great variety, 
certain fairly constant characteristics which consistently distinguish it 
from its neighbors. 


Sections of the Colorado Plateaus.—While the subdivision of this 
province into sections is still somewhat tentative, certain parts of it 
may be pointed out as possessing distinctive characteristics. These 
demand separate consideration in any detailed treatment of the prov- 
ince. The High Plateaus of Utah are a strongly individualized dis- 
trict. With them should be included, for purposes of rational treat- 
ment, the gigantic rock terraces at their southern end. Another well- 
marked section is the broad, deeply eroded rock terrace lying south of 
the Uinta Mountains, known in part as the Uinta Basin, and terminated 
by the great south-facing escarpment which bears in succession the names 
West Tavaputs Plateau, East Tavaputs Plateau, Roan Cliffs, Book Cliffs, 
and Grand Mesa. (The Roan Cliffs and Book Cliffs are locally dis- 
tinct and parallel escarpments). The series of fault block plateaus 
north of the Grand Canyon, sometimes collectively known as the Kaibab 
section, may be combined with the San Francisco Plateau south of the 
Colorado and Little Colorado. The Grand Canyon section thus formed 
is well distinguished from its neighbors except on the southeast. Here 
it may also be bounded with a fair degree of definiteness if a south- 
eastern section be recognized as characterized by volcanic features, and 
for the most part by an igneous cover. This is the Datil section. The 
Navajo country in northeastern Arizona and the San Juan Basin in 
northwestern New Mexico together comprise a vast area of terraced 
plateaus, characterized by retreating rock scarps. The “ Canyon 
Lands,” located mainly in southeastern Utah, differ so strongly from 
other sections of the province that a superficial observer would see 
little reason for including them in the same province. To the south 
these pass by degrees into the scarped plateaus of the Navajo section. 
To the east they merge into the type of country which prevails at the 
west foot of the Rocky Mountains, best known by its farm lands in 
the Grand, Gunnison, and Uncompahgre Valleys. 


Basin-and-Range Province.—(General Relations.—West and south 
of the Colorado Plateaus is a vast area marked by certain dominant 
characteristics from southern Oregon to the interior of Mexico. This 
great region is, for the most part, a highland, but even where low, as 
in southeastern California and southwestern Arizona, the most char- 
acteristic features are the same in kind tho differing in their develop- 
ment. 
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No single name is in general use to designate this entire area. Its 
northern half (including two sections) is roughly coextensive with the 
Great Basin. Its southwestern part is the northern continuation of 
the Sonoran district of Mexico. The southeastern part is the northern 
continuation of the Mexican Highland. Because of the continuity of 
essential features thruout the entire region, it is desirable to treat this 
large region as a single province and to designate it by a single name, 
the more so because its subdivisions cannot be sharply delimited. The 
fitness of the term Basin-and-Range Province will appear from the 
characteristics named below. 

The distinctive features of this great area are isolated, nearly paral- 
lel mountain ranges (presumably fault blocks) and intervening plains 
made in the main by subaerial deposits of waste from the mountains. 
These deposits are locally very deep and generally unconsolidated. 
The consolidated older strata and lavas which make the mountains are 
only locally horizontal. In general they are deformed, and locally 
very much so. ‘ 

With respect to the above-mentioned structural features, and the 
topographical features resulting from them, this great region is clearly 
contrasted with the Colorado Plateaus. It is less sharply contrasted 
with the mountains on its border, notably the Wasatch and Sierra 
Nevada. The greater size of these ranges makes them exceptional 
and their contiguity with other ranges justifies their assignment to the 
mountain provinces. The Basin Ranges, on the other hand, are smaller 
and isolated. Aside from these things there is great similarity between 
the mountains within the Great Basin and those on its border. 

From the close geographic relations between the Great Basin and 
the kind of mountains here mentioned, the latter have come to be called 
Basin Ranges. The larger area characterized by them was therefore 
called by Powell the Basin Range Province. By this name the im- 
pression seems to be conveyed that the region is primarily one of 
mountains, whereas the area of intervening, nearly-flat basins is in 
reality much greater. In a large view the local desert basins and the 
mountain ranges are of coordinate importance in the character of the 
country; hence the change of name to Basin-and-Range. 


Great Basin Sections.—As already stated, the northern part of this 
region is roughly coextensive with the area of internal drainage which 
John C. Fremont named the Great Basin. Its strongly-marked and 
very characteristic structural and topographic features are, however, 
not quite coextensive with the basin of internal drainage. In geologic 
and geographic writings the name Great Basin has generally been 
used with primary reference to these characteristic surface features 
and without regard to the actual limits of drainage basins. Probably 
this custom is firmly fixed and will continue. The area so described © 
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embraces two sections—the Oregon Lake section and the Nevada Basin. 
There is frequent occasion to speak of these together and in doing so 
the name Great Basin will be used. 

The boundaries of the Great Basin will depend on which one of 
its characteristics is regarded as most significant and is therefore made 
the criterion for its delimitation. A little reflection will serve to show 
that the difference between internal and external drainage cannot be 
used as a criterion for the purpose here in hand. It would, in the 
first place, require that the western boundary be drawn at the crest of 
the Sierra Nevada and Cascade Mountains instead of at the foot, 
whereas it is evident that the eastern slope of that range is just as much 
a part of the mountain province as the western slope. The physiographic 
history, features, and classification of the eastern slope of the Sierras 
are in no way dependent upon what becomes of the water twenty miles 
farther east. In a similar way some stream valleys leading outward 
from the Great Basin may contain thru-flowing streams or may, in 
wet seasons, deliver water to permanent streams in other provinces. 
Thus the thru-flowing Pitt River, a branch of the Sacramento, rises 
in northeastern California where it and its tributaries (many inter- 
mittent) drain a large area which is generally spoken of as a part of 
the Great Basin. Other streams of the same character flow thru the 
same kind of country in other directions and do not reach the sea. 
So far as physiographic character and classification are concerned, the 
upper basins of such streams cannot be grouped according to the 
destination of their waters. It is doubtful whether divides and stream 
courses ever make significant physiographic boundaries except where 
the location of the divide or stream is merely incidental to some more 
significant fact, generally one of structure. 

The most central and significant feature of the Great Basin seems 
to be the accumulated waste from its higher parts, building plains in 
its lower parts. This is related on the one hand to the structure of 
the province and on the other to its climate. Along streams entering 
the basin from other provinces, such deposits do not begin until the 
proper limits of this province are reached. Again, where such deposits 
are found along stream courses leading outward from this province to 
thru-flowing streams, their presence indicates ineffective drainage in 
that portion of the stream basin where they are found. This inability 
of the running waters to forward the waste derived from higher slopes 
is a much more important fact in the character of the country than 
the mere fact that the water is, at some remote point, evaporated or 
that it ultimately reaches the sea. In addition to the above-mentioned 
considerations, these surficial deposits are very important in the 
classification of soils, and it is desirable so far as possible that the 



















































BASIN-AND-RANGE PROVINCE 91 


conventional boundaries of physiographic provinces should agree with 
those of soil provinces. 

For the practical delimitation of the Great Basin it seems best to 
assign coordinate importance to the characteristic mountains and to 
the detrital covering of the basin floors. The two are not quite co- 
extensive, especially on the northern side. Internal drainage is dis- 
regarded. It is a characteristic but not a criterion. 

The eastern boundary of the Great Basin, against the Rocky Moun- 
tains and the Colorado Plateau, has already been traced. Immediately 
to the west of the boundary already described, Quaternary sediments 
begin to form the floors of basins between elevations which are for the 
most part (presumably) block mountains. 

The western boundary of the basin is at the foot of the Sierra 
Nevada and Cascade Mountains. The foot of these mountain ranges, 
while locally difficult to determine within a few miles, is generally a 
more consistent line than could be found by following the edge of the 
Quaternary deposits. These boundaries can best be described under 
the head of the mountain province. 

In common usage the application of the name Great Basin in south- 
ern California is very indefinite. Powell, in his sketch of physio- 
graphic provinces (1896), limited it only by the Pacific Ocean and 
Colorado River, allowing it an indefinite extension into lower Cali- 
fornia. Elsewhere the name is limited to its strict hydrographic sense. 
A much more significant fact in physiographic description is this: 
North of latitude 35° 30’ the space occupied by the block mountains 
is more than half the total area; south of that line it is not more than 
one-sixth of the total.°* North of that line the mountains are not only 
longer and broader but higher and composed of younger rocks. The 
mountains appear to be less advanced in the erosion cycle. These 
contrasted types of country are fairly well separated by an east-west 
line in latitude 35° 30’. South of that line and west of Colorado 
River is the Sonoran Desert. The remaining portion of the southern 
boundary of the Great Basin is formed by Colorado River. The sepa- 
ration at this line from the Mexican Highland is purely arbitrary; 
that is, it is not based on physiographic contrasts. The chief reason 
for making the division is convenience in geographic treatment. In 
referring any locality to one section or the other, it should be remem- 
bered that the distinction is merely geographic, not physiographic. 

As stated above the Great Basin embraces two of the six sections of 
the Basin-and-Range Province. Most of it lies in the Nevada Basin 
whose characteristics have already been mentioned as typical of the 
Great Basin. That part of the Great Basin which lies in southern 


“* Compare the Geologic Map of North America, U. S. Geol. Surv., 1911; also, 
Isaiah Bowman: Forest Physiography, Pl. IV and p. 222. 
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Oregon, with a strip of indefinite width in northwestern Nevada and 
northeastern California, is distinguished as the Oregon Lake district. 
It is an area of young block mountains of simple monoclinal structure, 
composed of recent voleanic rocks. Correlative with these block moun- 
tains are intervening troughs with many lake basins. The sediments 
accumulating in these structural troughs are not yet deep. Further 
investigations may lead to further subdivisions of the Great Basin. 
Geographically the drainage basin of former Lake Bonneville may be 
distinguished from that of former Lake Lahonton, but it does not 
appear that their difference in character is sufficiently great to justify 
their recognition as distinct sections. 


Southern Sections of the Basin-and-Range Province.—That part of 
the Sonoran Desert which lies in the United States embraces the 
Mohave Desert at the northwest, the Gila Desert in the southeast, and 
the immediate basin of the lower Colorado in the center. The last is 
a very narrow strip if only that portion be included which actually 
yields surface water to the river. The Sonoran section differs from 
the Nevada Basin not only in its smaller proportion of mountains to 
plain, but in its lower elevation. It is bounded on the west by the 
Sierra Nevada and, south of that, by the Los Angeles Ranges and the 
Salton Basin. The line which separates the mountain provinces from 
the desert is essentially that which separates the older intrusive rocks 
from the Quaternary sediments. With the latter are included the 
smal] areas of pre-Cambrian which make the old block mountains. 
The boundary indicated on the accompanying map is located by this 
criterion but guided in detail by the fault lines shown on the map of 
the California Earthquake Commission.** The boundary of the Sono- 
ran Desert against the Arizona (Mexican) Highland cannot be given 
exactly (see below). 

A separate section is here made of the great trough, most of which 
is occupied by the Gulf of California, but whose northern end is the 
desert basin which centers in Salton Sink. It is bounded on the west 
by the Los Angeles Ranges and the Lower Californian Province. Its 
northeastern boundary is here drawn at the foot of the San Bernardino 
Range and of the other mountains (Chocolate Range, etc.) in line with 
the San Bernardino southeast to Colorado River. Southeast from 
Yuma, the boundary is so drawn as to leave the ranges, so far as 
possible, in the Sonoran section. That it is not possible in all cases 
to do this is seen from the high islands (mountains) in the Gulf of 
California in Latitude 29°. 

The Mexican Highland is in the main a southeastward extension of 
the Nevada Basin, tho much of it is drained to the sea. In smaller 
part, it is the eroded margin of the Colorado Plateau stripped of its 
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overlying beds. In the size of its block mountains and in the pro- 
portion of mountain to plain, this region resembles the Nevada Basin 
rather than the Sonoran Desert. In passing from this section south- 
west to the Sonoran Desert, the size and proportion of mountains 
decrease; hence there is gradation rather than a sharp line. How- 
ever, despite this gradation, the contrast is quite enough to determine 
very different types of landscape which are well recognized and geo- 
graphically important. 

On the eastern margin of the Basin-and-Range Province is a narrow 
strip midway between Pecos River and the Rio Grande whose features 
suggest transition to the plateau type. This is the Sacramento sec- 
tion. Some of its basins have floors of horizontal sedimentary rocks 
not very deeply buried (perhaps several hundred feet) by Quaternary 
detritus. Some of the mountains, like the Sacramento from which the 
section is named, are simple, eroded, fault blocks, not like those in 
central Nevada, in which the strata are much deformed, but more like 
those of southern Oregon in which the tilt that raised the mountain 
is the only deformation noted. 


Pacific Mountain System. 

Sierra-Cascade Province.—The Sierra-Cascade Mountains form a 
continuous mountain mass from a little north of the Canadian bound- 
ary to the Mohave Desert in southern California. They cannot be 
ealled a single range if that word is made to imply unity of history 
or character. The 1,000 miles of mountains in this province embrace 
several distinct types. 


Sierra Nevada.—The Sierra Nevada may almost be described as a 
fault block composed of old and much-deformed sedimentaries and 
intrusives, reduced by erosion to a low level, and then uplifted with a 
westward tilt. As thus defined, the range terminates in latitude 40° 
as shown by Diller.°° In common usage the name Sierra Nevada is 
extended farther north, sometimes to the Oregon state line. This usage 
ignores the only important natural line of distinction. 

As here indicated the northern limit of the Sierra Nevada is at 
the contact of the recent volcanic rocks on the north and the Paleozoies 
and older intrusives on the south. The eastern limit is marked thru- 
out by fault lines. In drawing the accompanying map these faults 
have been followed, as shown on the Atlas of the California State 
Earthquake Commission, Map No. 1. Such lines are necessarily gen- 
eralized and may represent as a single fault what should be several 
or many faults en echelon. Their importance here is not as faults 
but as scarps. Presumably the faulting is inferred from topographic 
evidence thruout most of the distance; hence the fault line as drawn 
is a good generalization of the mountain front. Beginning at the 
"U.S. Geol. Surv., 14th Ann, Rep., Pt. 2, Pl. XL. 
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north end just north of the 40th parallel, the boundary is a bold escarp- 
ment southwest of Honey Lake and Susanville. The line turns south 
along the California-Nevada boundary and, after a jog to the east, 
passes a few miles east of Lake Tahoe. Other faults lie west of this 
one. The basin of Lake Tahoe is in a moat, that is, on a depressed 
fault block between mountains on the west and east. South of Lake 
Tahoe the bold front is nearly straight, passing just west of Mono and 
Owens Lakes. Near the south end it curves to the west and runs at 
right angles to its upper course until it meets the Coast Ranges. On 
its west side the Sierra Nevada is essentially coextensive with the 
rocks older than late Tertiary. 


Cascade Mountains.—For the first 150 miles at the south, the Cas- 
cade Range does not have that compactness of mass or definiteness of 
outline which is commonly thought of as belonging to a mountain range, 
and which is shown in a high degree by the Sierra Nevada and by the 
Cascade Range farther north. The Southern Cascade Mountains are 
a line of voleanic cones and plateaus of various sizes and ages, but 
all so recent that their height above the adjacent provinces is due to 
accumulation of eruptive material. Local relief is of course compli- 
cated with subsequent erosion features. The distribution of the vol- 
canic vents is very irregular and the accumulations vary greatly in 
depth. Huge accumulations like those marked by Shasta and Lassen 
Peak, alternate with sags. By one such sag Pitt River crosses the 
range. 

At their south end for perhaps fifty miles these mountains are bor- 
dered on the west by the Valley of California. Within this distance 
the voleanie accumulations fail to cover completely an eroded belt of 
Tertiary strata which here constitute a belt of foothills which are 
necessarily included in the mountain province. Farther north the 
voleanie accumulation lies against or upon the Klamath Mountains. 
Here the western boundary of the Southern Cascade Mountains is at 
the edge of the voleanic rocks. For sixty miles in northern California 
this boundary is approximately marked by the valley which is followed 
by the Southern Pacific Railroad, but both north and south of this 
stretch the province boundary is farther east. 

A conventional western boundary is thus assigned to the Southern 
Cascades, based on geologic contacts. On the eastern side of the 
range, if range it may be called, such a boundary is not possible 
because the rocks of the adjacent Nevada Basin are likewise volcanics 
not yet distinguished on geologic maps from those which make the 
mountains. Here the boundary must be fixed by topographic data 
without relation to geologic lines. It is necessarily much generalized. 
The line here used is taken from Diller.” 
~ 8. 8. Diller: U. 8. Geol. Surv., Bull. 196, Pl. I, p. 9. 
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West of Klamath Lake (latitude about 42° 15’) the Cascade Range 
becomes well defined on both sides and continues so to the north. Evi- 
dences of faulting appear, indicating that the range here owes part of 
its relative altitude to crustal uplift. This portion of the range is 
the Middle Cascade Mountains. It extends north nearly to latitude 
47° 30’. These mountains are completely covered with volcanic rocks 
and owc their height at least in part to extensive accumulation. Pre- 
sumably this factor is very large, but of decreasing importance toward 
the north, for at the northern end of this section the voleanie cover 
gives out while the height of the range continues undiminished. Where 
cut across by Columbia River the component lava sheets are distinctly, 
tho not sharply, folded and indicate uplift along the axis of the range. 
The northern end of this section is also characterized by a close ac- 
cordance of summit levels which has been interpreted as evidence of 
an uplifted peneplain, thus assuming crustal movement as it is not 
assumed in the Southern Cascades. With respect to this feature also, 
it appears that there is gradation between the southern and northern 
ends of the middle section. 

The eastern foot of the Middle Cascade Mountains in Oregon is a 
fairly definite topographic line. The range overlooks the valley of 
Klamath Lake and Williamson River, and, for about 175 miles, the 
nearly straight valley of Deschutes River. North of the Columbia, the 
eastern slope of the range is complicated by subordinate transverse 
folds making low swells which extend east from the range. Some of 
these are much dissected, but on the whole it seems most consistent 
to interpret the plateau province somewhat liberally and to exclude 
these east-west swells from the mountain province. The line on the 
accompanying map is a generalization from the topographic sheets of 
the United States Geological Survey. 

On the west the Middle Cascade Mountains descend to the Puget 
trough, including its southern portion, the Willamette Valley. Acecu- 
rate topographic and geologic maps along this boundary are wanting. 
The line here used is based on the contour map of the United States 
(40 miles to the inch, 1913). From available topographic and geologic 
maps it does not appear that the topographic break follows any one 
geologic line consistently. Farther south these mountains are bounded 
by the Oregon Coast Range section and the Klamath Mountains, the 
Cascade Range being limited to the area of voleanic rocks. 

The Northern Cascade Mountains differ from the Middle and South- 
ern in having no cover of recent voleanic rocks. Their accordant crests 
suggest a maturely dissected peneplain and, in any case, their altitude 
is necessarily due to crustal movement. 

The eastern boundary of this section is approximately at the Colum- 
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bia and Okanogan Rivers. The latter stream is bordered on both 
sides by a belt of lower mountains and hills which are much more like 
the adjacent low Rocky Mountains than like the Cascades. On the 
accompanying map an attempt has been made to throw these in with 
the Rocky Mountain Province by locating the boundary a few miles 
west of Okanogan River. (See p. 83.) The boundary on the west 
against the Puget trough is like the corresponding boundary of the 
Middle Cascades. Geologic lines are not determinative. The line on 
the accompanying map is taken from available topographic sheets sup- 
plemented by the contour map of the United States. A few miles 
north of the International Boundary the Cascade Mountains end. 
Beyond them is the Interior Plateau of British Columbia, the southern- 
most representative of a plateau belt in Canada and Alaska. 


Pacific Border Province——The Puget Trough is an intermontane 
valley 400 miles long within the United States and extending far to 
the north between the coast of British Columbia and the adjacent 
islands. Its south end is the valley of the Willamette. Its boundary 
on the east has already been described. The western boundary must 
in like manner be described empirically for the present. It is not 
known to coincide with any geologic line. It is drawn at the foot of 
the Olympic Mountains and the Oregon Coast Range. The altitude 
of the mountain foot varies from a little more than 100 feet at the 
north to more than 500 feet at the south. The Puget Trough is 
limited on the south by the Calapooia Mountains, a spur connecting 
the Cascades and Oregon Coast Range. This transverse range forms 
the divide between the longitudinal Willamette on the north and the 
transverse Umpqua on the south. The section boundary is not, how- 
ever, on the crest of the divide but at the northern foot, since the range 
is necessarily in one of the mountain sections. 

The California Trough lies west of the Sierra Nevada and Southern 
Cascade Mountains. The boundary on this side has already been 
described. The western boundary of the trough is similar to the 
eastern, namely, the line of contact between the Quaternary sediments 
of the valley floor and the older rocks which participate in the structure 
of the California Coast Ranges. 

The Olympic Mountains of Washington are an isolated group. 
West of longitude 123° 30’ the northern base of the mountains is 
essentially at the shore of the strait of Juan de Fuca. Farther east 
and on the east side, the mountain section is bordered by a low margin 
of Quaternary sediments which belongs to the Puget Trough. On the 
west side is a dissected coastal plain ten to twenty miles in width which 
must be included in the same section with the mountains. With more 
detailed work in the future, this and other parts of the narrow coastal 
plain, as far south as latitude 43°, may be made divisions of a lower 
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order than those now recognized. A similar plain borders the Olympic 
section on the south and is ineluded in it, Chehalis River being taken 
as the boundary. 

The Oregon Coast Range can scarcely be called mountainous. It is 
rather a dissected plateau, but none the less range-like and a distinct 
uplift above the Puget Trough on the one side and the narrow coastal 
plain on the other. The latter is included in this section. The Ore- 
gon Coast Range extends from Chehalis River (Olympic section) on 
the north to the Klamath Mountains on the south. On that side the 
boundary is at the contact of the Tertiary rocks of the Oregon Coast 
Range with the older rocks to the Klamath.” 

The features of Klamath Mountains are conditioned by old rocks 
closely folded, generally metamorphised and strong. They rise above 
their neighbors on the north and south, tho not above the Cascades on 
the east. On the south they touch the California Coast Ranges, all 
rocks younger than Paleozoic being classed with the latter. The 
Klamath Mountains are thus bordered on all sides by mountains which 
differ from them in topography because of differences in the rocks 
which compose them. 

The name California Coast Ranges is here used in the sense most 
commonly understood, namely, to designate the mountains along the 
coast having a north-south or northwest-southeast trend. This ex- 
cludes what are called below the Los Angeles Ranges, the most promi- 
nent of which have an east-west trend. The line of separation between 
these two sections is not sharp because of the curving of axes near 
the boundary. The two sections are here separated along the line of 
Santa Ynez River. 

The section here called Los Angeles Ranges includes not only the 
Santa Ynez, San Gabriel, and San Bernardino, which have a distinct 
east-west trend, but other ranges south of them (Santa Ana, San 
Jacinto, ete.) whose trend is more southeasterly. The latter are blocks 
between parallel faults affecting the great granitic mountain area of 
Lower California. South of the east-west ranges are the lowlands 
sometimes spoken of as the Valley of Southern California. This 
more or less continuous lowland is in part coastal plain and in part 
intermontane valley between the more southerly ranges whose trend 
intersects that of the San Gabriel and the San Bernardino. 


Lower Californian Province.—The Lower Californian Province is 
the great granitic area, at least in part mountainous, which lies mainly 
in Lower California. It is similar to the Sierra Nevada, being lim- 
ited on the east by a sharp descent (presumably a fault scarp) to the 
Salton Trough. As here set off, the section consists of a broad west- 
“J. 8, Diller: U. 8. Geol. Surv., Bull, 196, Pl. I, p. 9. 
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sloping upland, not of parallel mountain ridges. The parallel fault 
ridges at its north end, which are geologically a part of the same 
province, are for this reason classed with the Los Angeles Mountains. 
The line here presented follows Santa Marguerita River and the most 
southerly of the well-marked faults, as shown in the Atlas of the 
California Earthquake Commission (1908). 
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Importance oF Winps 1n Economic CrirmatoLtocy.—To our pre- 
vailing winds we owe many of the larger characteristics of our cli- 
mates. Winds import temperatures and moisture from a distance. 
If their way is not obstructed by mountain barriers, they tend to 
produce uniformity of climates over extended areas. They effectively 
wipe out many climatic boundaries. They bring marine conditions 
on shore. They carry land conditions off shore. They largely deter- 
mine rainfall, and thus control the distribution of life. They bring 
us clean, pure air and are active agents in promoting health. Or, by 
carrying dust and micro-organisms, they may contribute to the preva- 
lence of disease. 

Wind velocity, too, apart from wind direction, has many human 
relations. The difference in our feeling of physical comfort or dis- 
comfort largely depends upon the amount of wind movement. The 
more extreme manifestations of wind force damage buildings and 
crops; wreck vessels; endanger or destroy human life. A knowledge 
of the highest velocities that are likely to occur is essential in the 
work of an engineer or of an architect, in the planning and the con- 
structior. of buildings and of bridges. 

As a source of power, winds are attracting more and more attention. 
We have in the United States scores of firms whose sole business it 
is to make windmills, hundreds of thousands of which are already in 
use. It is a significant illustration of the climatic control of the 
location of an industry that most of these windmill plants are situated 
in the open country of our middle west, where there is effective wind 
movement. American inventors have perfected powerful steel wind- 
1 Presented (in abstract) before the Association of American Geographers, Wash- 


ington, December, 1915. 
99 






















Base tiie 
















100 R. DEC. WARD—PREVAILING WINDS OF UNITED STATES 


mills which are self-adjusting to varying wind directions and veloci- 
ties; they make the maximum use of the minimum effective wind 
movement, and automatically turn out of the wind when the velocity 
becomes too great. In use over large sections of the United States 
where the wind velocities have proved themselves to be most usable 
and reliable, our windmills are to-day pumping water for irrigation, 
for cattle, and for domestic uses; they are grinding corn, cutting wood, 
and churning. The time is probably not far distant when these wind- 
mills will be used to generate electrical energy, which, when stored 
and accumulated, will supply us locally at a minimum expense with 
heat, light and power. In times of slack wind, combustion engines, 
started automatically, or storage batteries, may be used to keep up 
the supply of electricity. Our wind velocities have proved themselves 
a climatic asset of whose value we have, for the most | part, been 
strangely unconscious. They have a very real human significance. 


GeneraL Revations oF Pressures anp Winns: CycCLoNic AND 
Topocraruic Controts.—The continental area of the United States 
lies almost entirely within what is generally known as a belt of 
“ prevailing westerly winds.” These are members of the general 
atmospheric circulation. They would, however, blow from a general 
westerly direction much more distinctly if there were no North Ameri- 
can continent with its seasonal changes of temperature and of pres- 
sure; with its mountains and its lowlands; with its Great Lakes and 
its storms, to interfere with them. The local influences of the chang- 
ing seasonal pressures over the continent and over the adjacent oceans 
are, to a large extent, paramount to the general control over air move- 
ment exercised by the differences of pressure between the equator and 
the higher latitudes. To the south, the states bordering on the Gulf 
of Mexico, subtropical already in latitude, share also in the wind 
system which is characteristic of tropical countries, i. e., the trades. 
These trade winds, like the prevailing westerlies, find their initial 
cause in the great permanent differences of temperature and of pres- 
sure between equator and poles, but over the southern United States, 
as in other regions also, are greatly modified by the local pressure 
distribution. 

Year after year the orderly succession of the seasons brings a warm- 
ing and cooling of our continent. The pressures change systematically, 
not only over the continent itself, but also over the adjacent oceans. 
And, sympathetically also, our prevailing winds show a seasonal change 
in their directions. But other influences play their part. Our great 
mountain systems are barriers in the path of the winds. Mountains 
turn winds aside, as in the case of the prevailing westerlies off our 
southern Pacific coast in winter, noted by Ferrel’); or cause them 
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to flow around the obstruction, as in the case of northwest and south- 
east winds in the Appalachians*); or otherwise serve as divides 
between winds of different directions and characteristics. The general 
configuration of the country; the trend of mountains and of valleys; 
locations to windward or to leeward of mountains or of lakes; the 
hour of the day or night; exposure to land and sea breezes: all these 
factors have a part in controlling our winds, both in direction and in 
velocity. Then, varying from day to day, more temporary than any 
of these other controls, comes the ever-changing influence of our 
cyclones and anticyclones. The dominance of these passing conditions 
over our air movements is often so complete that easterly winds are 
of frequent occurrence thruout the belt of our prevailing westerlies. 
Many persons, indeed, especially along or near our northern Atlantic 
coast, find it difficult to believe that our prevailing winds are really 
from the west*). Easterly storms; easterly winds blowing on shore 
from a high-pressure area off the coast; even the local and relatively 
insignificant sea breeze, all combine to keep up this impression. Fre- 
quent as are the interruptions of our prevailing westerly winds near 
the surface, the upper currents follow their regular course from the 
west with remarkable persistence. The clouds which they carry tell 
us this story. And so do the observations from Mt. Washington, 
Pike’s Peak, and other elevated stations. The relation between our 
temporary cyclonic and our prevailing westerly winds was clearly 
recognized by Blodget*’, who also saw the evidence of prevailing winds 
from west to east in the trend of the isotherms and in the difference 
in temperature and humidity on the Pacific and Atlantic sides of the 
continent. 

The wind direction and velocity at any station, as shown on our 
daily weather maps, depend upon the controls just referred to, together 
with others, such as the local exposure of the wind instruments, e. g., 
their height above the ground, the influence of adjacent buildings, ete. 
Many of our stations show quite persistent influences of local topog- 
raphy upon their wind directions, resulting from the position of a 
neighboring mountain; the trend of a valley, or from exposure to 
local mountain and valley winds®). The winds at our northern sta- 
tions, for example, are more affected by storm controls than those 
farther away from the main storm paths. The wind directions shown 
on our weather maps are, therefore, the complex resultant of many 
variables. The wind arrows on these maps, as well as on the usual 
charts which show the monthly or annual prevailing wind direction 
at each Weather Bureau station, emphasize the local peculiarities of 
each place. They do not give us the broadly generalized view of our 
winds which we often need in a study of our larger climatic conditions 
and of their controls. What we here want to know is the general 
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sweep of our winds, i. e., our wind systems, over the different sections 
of the United States. In Figs. 1 and 2 the prevailing winds for 
January and July are thus broadly generalized. No attempt is made 
to show details, or to ensure absolute accuracy of direction over every 
portion of every State. The purpose is only to give a general view 
of the larger wind movements. The effects of local topography have, 
so far as is reasonably possible, been disregarded, and in cases where 
several wind directions have almost equal percentages of frequency, 
the prevailing direction has been taken to be that which agrees with 
the general conditions of wind movement over neighboring districts. 
Useful as such generalized wind charts are in a climatological study, 
it must constantly be borne in mind that the interference with these 
prevailing wind directions, under temporary cyclonic and anticyclonic 
control, is both important and frequent, especially in winter, and over 
the northern tier of states. 
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Jaxvagy Winxps.—Our winter winds are markedly under the con- 
trol of a seasonal pressure distribution peculiar to North America. 
This is less fixed, less clearly defined, more complex than that of 
Eurasia. Hence our winter wind systems are also less emphatic. 
We have no great dominating winter anticyclone. Generalizing 
broadly, and summarizing very briefly, the tropical high-pressure 
belt over the adjacent oceans expands over the North American con- 
tinent into a ridge of high pressure (30,20 ins.), lying between the 
well-marked low-preseure areas of the northern North Atlantic and 








JANUARY WINDS 103 


northern North Pacific’. In response to this mid-winter pressure 
distribution certain large and fairly easily recognizable wind systems 
are developed. Taken as a whole, the centrifugal tendency, character- 
istic of continents during their winter season, is at once apparent. 

In the eastern United States (“ Eastern Province”) northwesterly 
offshore winds generally prevail along our northern and middle Atlan- 
tic seaboard, under the combined control of the low-pressure system 
which overspreads the northern part of the Atlantic Ocean, extending 
as an elongated trough from northeastern North America (Davis Strait 
and Baffin Bay) to northwestern Europe.* These northwesterly winds 
increase in velocity and in frequency as we go farther north into New 
England, and still more so outside of our own territory in northeastern 
Canada, where the North Atlantic low-pressure system exerts a more 
marked control. They become less marked towards the south, where 
there is an increasing tendency towards westerly and southwesterly 
and, especially on the coast of the southern Atlantic States, even toward 
northeasterly and northerly directions. We owe the severe winters 
of our middle and north Atlantic coast states to these offshore winds. 
They come from the cold northern interior. They cause discomfort 
and often much suffering among those who are unable to secure proper 
protection in the way of clothing, heat, and adequate food. But to 
these same cold winds we owe the ice supply from our northern lakes 
and ponds and rivers, so indispensable during our hot summers. They 
also very greatly increase our need of fuel for heating purposes, and 
thus enormously stimulate our coal industry, with its resulting demand 
for labor and for railroad and steamship transportation. 

The influence of the Atlantic Ocean is felt when our winds blow 
onshore under the control of some passing high or low-pressure system. 
These easterly winds temporarily interrupt the prevailing offshore 
movement of the air. They bring us our chilling northeast snowstorms, 
and our warmer, often rainy, southeasterly and southerly storm winds. 
Such interruptions of the offshore tendency are frequent in the eastern 
United States, where our storm control is marked. Our winter winds 
and weather are hence very changeable. In eastern Asia, on the other 
hand, where the general seasonal pressure control over the winds is 
more emphatic, and where the storm control is relatively less important, 
the northwesterly winds remain in much less disturbed possession. 
There the latter are indeed so marked that they deserve the name of 
winter monsoons. Eastern Asia, for this reason, has drier and less 
cloudy winters than those which characterize our Atlantic seaboard. 

A comparison with Europe also naturally suggests itself. While our 

+ The climatic provinces which are used as the basis of the discussion in the pres- 


ent paper are those suggested by the author in his “Climatic Subdivisions of the 
United States,” Bull. Amer, Geogr. Soc., Vol. XLVI, Sept., 1915, pp. 672-680. 
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own Atlantic coast is having its severe winters, western, and especially 
northwestern, Europe are kept abnormally mild and temperate because 
their prevailing southwesterly winds are blowing from the warm 
Atlantic Ocean and from more southern latitudes. Thus the eastern 
and western sides of the North Atlantic inevitably differ greatly in 
climate. Similar temperatures are met with, not in the same, but in 
widely separated latitudes. As seen on the chart of mean annual 
temperatures, one may go north in western Europe a thousand miles 
without finding as great a decrease in temperature as that met with 
in half that distance on the eastern coast of North America. North- 
western Europe is to be compared with our northern Pacific coast, and 
with British Columbia, not with our Atlantic coast. Europe is singu- 
larly favored in its exposure to these warm winter winds. 

For the sake of clearness and of simplicity in dealing with the pre- 
vailing winds, we may divide the interior of the United States (“ East- 
ern Province”) east of the Great Plains and north of the “ Gulf 
Province,” into “ Ohio Valley and Lower Lakes” and “ Mississippi 
Valley west.” Prevailing southwesterly and westerly winds character- 
ize the former of these two divisions; northwesterly and northerly 
winds prevail over the latter. The northern portion of the Upper 
Lakes shares in the wind system of the latter district”. In the 
States bordering on the Gulf of Mexico (“ Gulf Province”), Florida 
has prevailingly northeast winds (Trades) ; while northerly directions 
predominate along the northern and western shores of the Gulf. There 
is also a considerable southerly (S. E.) component in the western Gulf 
coast section, although this is not shown on the map (Fig. 1). All 
across the broad expanse of our Great Plains (“‘ Plains Province’’), 
and even into the western plains of Canada, the great northerly and 
northwesterly sweep of winds, noted as characteristic of the States 
just west of the Mississippi River, continues as a dominant climatic 
feature. Over the northernmost section, and across the Canadian 
border, a tendency towards gentler wind movement, with many calms, 
is observable. 

It is difficult to generalize the winds in the region between the 
Rocky Mountains and the Sierra Nevada-Cascade system (“ Plateau 
Province”). Here the enclosing mountain barriers and the broken 
topography greatly interfere with a free sweep of the winds. Over 
the southern portion of the district (“‘ Southern Plateau”), blowing 
out from the continent, northerly wind directions are frequent, while, 
under the control of the general pressure distribution, southwesterly 
winds are most common farther north (“ Northern Plateau”). Shut 
off by the high barrier of its eastern mountains, the Pacific slope 
(“ Pacific Province”) has its own wind system, prevailingly from the 
southwest and west along shore. These winds are chiefly under the 
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control of the marked low-pressure area of the North Pacific, but the 
tropical high-pressure belt, lying farther south, also influences the 
wind directions, especially along the southern portion of the coast. 
In the interior, notably in California, wind directions are greatly 
modified by topography. It is to its prevailing westerly winds, com- 
ing directly from a conservative ocean, that our Pacific slope owes the 
far-famed mildness and equability of its winters. Warm winds blow 
there most of the time in the cold season, while on the Atlantic sea- 
board, it will be recalled, the prevailing winter winds (northwest) are 
the coldest that can blow. Hence the latter province has notably severe 
winters, especially in northern sections. The passage of winter storms, 
chiefly over the northern Pacific coast, or the presence of a high- 
pressure area to the east or northeast, brings temporary easterly winds 
in Washington, Oregon and California. On the Pacific slope, north- 
east winds in winter come from a cold land, and bring low tempera- 
tures. On the Atlantic coast they are damp, and usually bring rain 
or snow. | 

The following table gives a compact summary of the generalized 
prevailing winds of the United States in winter (January). All 
details are disregarded. Only the broadest features of the wind sys- 
tems are indicated. 


COMPACT SUMMARY OF THE PREVAILING WINDS OF WINTER 


Eastern Province: 
a. Atlantic Coast: N.W., W. 
b. Ohio Valley and Lower Lakes: S.W., W. 
ec. Mississippi Valley west: N.W., N. 


Gulf Province: 
a. Eastern (Florida): N.E. 
b. Central: N., N.E. 
ce. Western (Texas): N., N.E., S.E. 


Plains Province: N.W., N. 


Plateau Province: 
a. Northern: S.W. 
b. Southern: N., N.W. 


Pacific Province: 
a. Northern: S.W., W. 
b. Southern: W., N.W. 


Jury Winps.—Our wind maps are misleading if we think of them 
as representing anything fixed or settled. They are really only “ snap- 
shots” of conditions which are in a more or less constant state of 
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transition. Our prevailing winds are great sweeping currents, under 
the control of seasonally changing pressure distribution. The winds 
for January and July are chosen for discussion because these are our 
midwinuter and midsummer months, and their winds are fairly char- 
acteristic of these two seasons. But all the year through a gradual 
shift is taking place, from the conditions of one month to those of 
the next. January and July are only temporary stages on the way. 
We wholly fail to appreciate what these seasonal and monthly changes 
mean unless we can imagine our winds in this constant state of 
transition. 

Continental and marine pressure conditions different from those of 
winter have a marked effect in controlling the general flow of our 
summer winds. A low-pressure trough (29.75 inches at the centre) 
extends across western North America, roughly from north to south, 
merging on the south with an east-and-west belt of low pressure over 
Central and northern South America. The North Atlantic high- 
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Ficure 2 


pressure belt overlaps the continent in the southeast, and the Pacific 
high-pressure area, with crowded isobars on its eastern side, encroaches 
on the land along our Pacific coast. The two ocean high-pressure 
systems, which form part of the so-called tropical high-pressure belt, 
are thus separated by the continental trough of low pressure. From 
the cooler oceans onto the warmer land the winds tend to blow centrip- 
etally, guided by these seasonal pressures, the unchanging topography, 
and the temporary storm contro]. From midwinter to midsummer, 
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taking place gradually, as winter merges into spring and spring later 
merges into summer, there is a great swing of the winds over the 
eastern United States, from the prevailing northerly and northwesterly 
directions of January to a prevailing southwesterly and southerly 
direction in July. Southerly winds gradually advance northward and 
eastward from the Gulf of Mexico as spring comes on, until, by early 
summer, they prevail (as southerly or southwesterly winds) over 
practically the whole of the United States east of the Rocky Mountains. 
In July, the Atlantic coast and most of the Ohio Valley and Lower 
Lakes district have prevailing southwesterly winds, under the com- 
bined control of the North Atlantic high and low-pressure systems. 
This seasonal change in direction is most marked along the Atlantic 
slope. In the Ohio Valley and Lower Lake district, the prevailing 
wind directions are essentially the same in summer and in winter, the 
general pressure gradient being in about the same direction thruout 
the year. Supan has shown the seasonal wind changes along our 
Atlantic coast by means of the following table. The minus (—) 
sign indicates a decrease in that particular wind direction from winter 
to summer. In the northern section, the change is mostly between 
northwesterly and southwesterly ; in the southern, mostly between north 
and south. Hence it is more marked, i. e., it covers a larger number 
of degrees, in the south. 





CHANGES IN WIND FREQUENCY (%) FROM WINTER TO SUMMER (SUPAN). 


District N NE E SE S SW Ww NW 
Northeastern Coast .......... —5 —2 1 4 7 14 —3 —16 
Middle Atlantic Coast........ —2 —3 0 6 8 7 —2 —14 
South Atlantic Coast......... —7 — 3 8 7 4 —-—l —9 
Northern Gulf Coast......... —10 —6 0 3 5 9 3 —5 


Von Hann has summarized the winter and summer wind directions 
(in percentages) on the eastern coast of North America, in middle 
latitudes, as follows”: 


FREQUENCY OF WIND DIRECTIONS (%) IN MIDDLE LATITUDES ON THE EASTERN COAST 
OF NORTH AMERICA (VON HANN). 


























N NE E SE S SW W NW Resultant 
ere ll 15 6 6 7 18 14 23 N 58°W 
IOC 8 12 6 ll 13 28 9 13 S 45°W 
Difference ........ 3 3 oo —5 —6 —10 5 10 





The dominance of the winter northwest winds, and of the summer 
southwest winds, is clearly seen here. With the seasonal change from 
summer to autumn, and then to winter, the northwesterly winds ad- 
vance from the continental interior toward the south and east until 
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they, in their turn, dominate the region of the Plains, the Mississippi 
Valley west, and much of the Atlantic Coast. 

The Gulf States (“Gulf Province”) are crossed by what may 
perhaps be called a branch of the northeast trades which, under the 
control of the Atlantic high-pressure area and of the lower pressure 
over the continent, become southerly or southeasterly winds. The 
States lying immediately west of the Mississippi Valley, and the Great 
Plains (“ Plains Province”), are crossed by a great sweep of southerly 
and southeasterly winds, which extend north even across the Canadian 
line. Professor A. J. Henry has pointed out that, in late spring, the 
southerly winds of the Mississippi Valley apparently divide over the 
Great Lakes into two branches, one forming part of the summer south- 
erly and southeasterly winds of the Missouri Valley and the Plains, 
and the other forming part of the southwesterly winds of the Ohio 
Valley system’. 

This great body of moist southerly air, after crossing a wide expanse 
of warm Gulf and Atlantic waters, blows inland over the eastern 
United States around the western margin of the North Atlantic high- 
pressure area. To it we owe most of our beneficent warm season 
rains and thundershowers. Without these our important staple crops 
east of the Rocky Mountains would never reach maturity. To these 
same winds, coming from warm southern latitudes, our hot eastern 
summers are chiefly due. Thus the prevailing summer winds along 
our Atlantic seaboard (S.W.) are our warmest winds. Except when 
temporarily interrupted by easterly winds from the ocean (see p. 103), 
or by northwesterly winds from higher and cooler latitudes, they assure 
us a preponderance of high temperatures. The tempering influence 
of the Atlantic has little opportunity to make itself felt. Our warm 
southerly summer winds bring us our sunstroke weather; our epi- 
demies of cholera infantum; our spells of suffering in our crowded 
cities. The development of summer resorts in the north, among the 
mountains, and on the seacoast, is in no small degree due to these 
same warm winds. Sea bathing and electric fans, thin clothing and 
cooling beverages, find much of the explanation of their use and 
enjoyment in the fact that the dominant winds of our eastern summers 
are the warmest winds that we can have. In recent years, economic 
consequences of no small importance have been attributable to these 
same southerly winds. In New England, the brown-tail moth, a pest 
which had already done great damage to fruit and other trees in 
Massachusetts, was spread northward and eastward over the adjoining 
States by the southwesterly winds. And in Texas, the cotton boll 
weevil, another pest of serious economic importance, was also spread 
northward by the prevailing southerly winds of that region. 

A comparison with Europe is interesting. Western and northwest- 
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ern Europe have their prevailing summer winds from a cool ocean and 
a higher latitude. On our Atlantic coast the prevailing summer winds 
are from a warm land and a lower latitude. Hence, in Europe, the 
tempering influence of the conservative Atlantic largely counteracts 
the warming influence of the land, while along the eastern seaboard 
of the United States the land influence predominates. Our severe 
eastern climates, with their cold winters and hot summers, largely find 
their explanation in the directions of our prevailing winds. 

Over the “ Plateau Province ” the winds of summer show a tendency 
toward northerly and northwesterly directions in the north, while in 
the south, southerly directions prevail. As in winter, however, the 
enclosing mountain barriers of this region, and the local topography, 
greatly interfere with the development of broad, sweeping wind sys- 
tems. Local mountain and valley winds, their direction determined 
by the immediate topography, are characteristic phenomena. They 
often exercise an important control over the conditions of frost occur- 
rence. 

Supan has summarized the changes in wind direction from winter 
to summer for certain districts west of the Mississippi River in the 
following table. The minus (—) sign indicates a decrease in that 
particular wind direction from winter to summer. 


CHANGES IN WIND FREQUENCY (%) FROM WINTER TO SUMMER (SUPAN). 


District N NE E SE S SW w NW 
Upper Mississippi Valley..... —2 1 2 3 a 3-3 —8 
Upper Missouri Valley....... —l1 2 7 9 11 1 —8 —10 
Arkansas and Red Rivers and 

| I aK Se ee —15 —-4 5 21 l—-—l —5 —12 
Lewer Colorado River........ —28 —6 2 14 26 6 —2 —ll 


The decrease in the northerly and the increase in the southerly direc- 
tions from winter to summer is striking, especially in the case of the 
last-named district, where the change is almost monsoonal in character. 
The annual reversal of the wind system at Yuma, Ariz., is shown in 
the following table’. 


RELATIVE FREQUENCY OF THE WINDS (EXPRESSED IN PERCENTAGES) AT YUMA, ARIZ., 
AS DEDUCED FROM TRI-DAILY OBSERVATIONS, 1876-1888. 


eee err re ee N 28 NE 19 NW 14 
PE cnc aar cata sseewnenes S 23 SE 21 SW 19 


On the Pacific Slope (“ Pacific Province”) the summer winds are 
westerly, as in winter, but-the northerly component is more marked 
in the warm season, the southerly in the cold. The prevailing north- 
westerly winds of summer are so regular, especially toward the north 
(e. g., Oregon), that they are often locally known as trade winds. 
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The change from winter to summer is due to the combined influence 
of the warm continent and of the more northerly summer position of 
the Pacific high-pressure system. From winter to summer there is a 
loss in northeast, east and southeast winds, and a gain in west and 
northwest winds. This is in part attributable to the frequent cyclonic 
and anticyclonic winds from easterly points during the winter season. 
The coast mountains tend to deflect the winds along the shore. Thru 
the Golden Gate, at San Francisco, the winds blow into the hot Valley 
of California, and are there turned north and south. The southerly 
winds of summer are a marked climatic feature of the Sacramento 
Valley. They serve somewhat to moderate the heat of that well- 
enclosed and easily warmed district. And they are so steady that 
boatmen on the Sacramento River can count on them for sailing 
upstream. 

The prevailing summer winds along the Pacific coast are dry, 
because, blowing out on the eastern side of the North Pacific anti- 
cyclone, they have had no opportunity to take up much moisture, and 
furthermore they are advancing into lower latitudes and therefore 
warming. The contrast between the prevailing damp and warm sum- 
mer winds on the western side of the North Atlantic high-pressure 
system, and the drier and cooler winds on the eastern side of the North 
Pacific high-pressure system is striking, and climatically very signifi- 
cant. It is also significant that the prevailing summer winds on our 
Pacifie coast come from a cool ocean and higher latitudes, just as is 
the case, already noted, in northwestern Europe. In the United 
States, however, our western mountains practically limit the moderat- 
ing influence of the westerly winds to a comparatively narrow belt 
between the Sierra Nevada-Cascade barrier and the Pacific Ocean, 
and the transition from the more moderate conditions of the immediate 
sea coast to the more extreme climates of the interior is rapid and sharp. 
In Europe, on the other hand, there is a very gradual transition 
from the marine climates of the outermost western coastal strip to 
the more severe continental conditions of Russia. Again, in Europe 
there are very uniform climatic conditions over all the Mediterranean 
region, from Portugal and southern Spain across Italy and Greece, 
and even into Asia Minor. Civilization in the Old World was there- 
fore able to spread westward from the Orient over a large area of 
remarkable climatic uniformity. In North America a similar “ Med- 
iterranean climate” is found only over a relatively narrow zone, essen- 
tially in central and southern California. The smaller area of the 
subtropical belt of Mediterranean climates in North America than in 
Europe was «learly explained by Blodget’. “If the Gulf of Mex- 
ico were similar in position to the Gulf of California, yet extended 
inland like the Mediterranean, the districts of the various local pecu- 
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liarities now bordering on the Mediterranean would be reproduced. 
The space where we may look for phenomena correspondent 
to those of the Mediterranean is here relatively small.” 
The prevailing winds of summer, broadly generalized, may be 
briefly summarized as follows: 


COMPACT SUMMARY OF THE PREVAILING WINDS OF SUMMER 
Eastern Province: 

a. Atlantic Coast: S.W., W. 

b. Ohio Valley and Lower Lakes: S.W. 

ce. Mississippi Valley west: S.E., S. 


Gulf Province: &., S.E. 
Plains Province: S., S.E. 


Plateau Province: 
a. Northern: N.W. 
b. Southern: S. 


Pacific Province: N.W., W. 


Our American Monsoons.—Monsoons in the Indian sense, of great 
seasonally inflowing and outflowing winds, strongly contrasted in 
direction and in characteristics, and markedly controlling the life and 
activities of all the people, we cannot claim. Yet that a distinct 
monsoonal tendency exists over a large section of our country was 
clearly noted at least as far back as the time of Blodget, who wrote 
of the winds of Texas, as “something very near a monsoon™.” 
Later (1875) Coffin discussed, in a general way, the monsoonal ten- 
dencies in our winds’. And Ferrel, fifteen years later, considered 
the conditions which give rise to monsoons and referred to the monsoon 
influence on the winds of the southern United States and of the Gulf 
of Mexico’. The general swing from northerly winds in winter 
to southerly winds in summer over the Great Plains and eastward to 
the Mississippi River (see p. 107), is especially well marked in the 
south (e. g., Texas). Here, as pointed out by von Hann, the seasonal 
variation of relative humidity is most analogous to that of southern 
and eastern Asia. The weaker general pressure controls, and the 
frequent cyclonic interruptions of these seasonal winds in the United 
States, prevent any such marked development as that attained by the 
monsoons of India. Our Texas monsoons have been studied by Pro- 
fessor M. W. Harrington, who also used the name monsoons for the 
seasonally changing winds on the Pacific coast south of San Fran- 
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cisco. The northerly (winter) monsoons first appear distinctly 
in December. While having generally a higher velocity than those 
of the summer, they do not maintain themselves under unfavorable 
conditions. They are not infrequently strengthened, under temporary 
conditions of rapid pressure change, into a northerly gale of high 
velocity, known as the “norther.” This wind is one of the marked 
characteristics of Texas climate, even far out onto the western Texas 
plains. At times, “northers” reach as far south as Guatemala and 
Honduras; cross Tehuantepec, and are reported by ships in that por- 
tion of the Pacific Ocean. In midsummer a territory about 500 miles 
wide and about 1,000 miles long, reaching as far as the Canadian 
boundary, is under the general control of the southerly (summer) 
monsoons. These are weaker than those of winter, and bring clear 
weather, unless a low-pressure area is approaching. East of the Mis- 
sissippi and south of the Ohio there is no good evidence of them 
except on the Gulf coast, as far as Mobile. These southerly or south- 
easterly winds are welcome cooling agencies during the heat of the 
Texas summer, even at considerable distances from the coast of the 


Gulf of Mexico. 


GrocraPuHicaL DistrisutTion oF Winp VELociTi£s In THE UNITED 
States.—Accurate charts of our average wind velocities are difficult 
to draw. There have been many changes in the locations and in the 
exposure of our anemometers. Especially has this been true in our 
large cities, where the increasing heights of our sky-scrapers have 
made the placing of these instruments on the lower buildings less and 
less desirable. As the anemometers have been exposed on the tops of 
higher and higher buildings, the recorded wind velocities have become 
greater and greater. Fig. 3 shows the average hourly velocity of our 
winds as determined by Mr. P. C. Day, of the United States Weather 
Bureau’. The figures indicate the hourly wind velocity estimated 
for the uniform elevation of 100 feet. A “correction” has been 
applied to allow for the retardation of the winds by the buildings of 
our large cities. 

In the eastern United States (“ Eastern Province”) stations close 
along the Atlantic coast and on the Great Lakes have the most wind. 
The line of ten miles an hour closely parallels the margins of these 
bodies of water. Somewhat higher winds (10-14 miles an hour) pre- 
vail at the most exposed points on the Atlantic seaboard, e. g., at Cape 
Cod, Mass., and Cape Hatteras, N. C., and also to the leeward of Lakes 
Erie and Ontario. In the “ Gulf Province,” many coast stations have 
about the same wind movement as that of the Atlantic and Great Lakes 
stations. The smal] amount of friction over water, and exposure to 
frequent storm winds, account for these high velocities. Lashed by ~ 
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winter gales and autumn hurricanes, the waters off Cape Hatteras are 
proverbially rough. It is but natural that such meteorological handi- 
caps to navigation should have led to the digging of the Cape Cod 
Ship Canal, completed in 1914, and to the project of constructing a 
protected waterway for vessels among the islands and across the lagoons 
and bays along the Atlantic coast farther south. The popular desig- 
nation of a windy city, often confined to Chicago, applies with equal 
truth to other stations on the Great Lakes and the Atlantic coast. 











Hourly Wind Velocity 


(ELEVATION 100 FEET.) 














Fieure 3 


Over the interior, away from large bodies of water; among the 
mountains; in forests; in sheltered valleys, lower wind velocities are 
the rule. Exposed mountain tops, like Mt. Washington, N. H. (about 
6,300 feet), are much windier. The Mt. Washington records have 
shown velocities averaging over twenty-five miles an hour in summer, 
and over thirty miles in winter. Mt. Weather, Va. (1,700 feet), and 
Mt. Mitchell, N. C. (6,700 feet), have much less wind because they 
are farther away from the northern storm paths. 

Very striking is the broad zone of the Great Plains (“ Plains Prov- 
ince’), with wind velocities closely resembling those along the eastern 
seaboard and the Great Lakes—winds which are ocean-like in charac- 
ter, as vast stretches of the Plains are themselves ocean-like in their 
monotony and in their unbroken sweep to the far-away horizon. No 
more striking illustration of the wind velocities on the Great Plains 
have ever been given than Captain Lewis’s description of the occasion, 
on the famous Lewis and Clark Expedition, when one of his boats, 
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which was being transported on wheels, was blown along by the wind, 
the boat’s sails being set! Surely this story emphasizes the analogy 
between the winds of the ocean and the winds of the Plains. Over 
this great treeless open country, but little retarded by friction, blow 
winds of remarkable uniformity and of relatively high velocity, aver- 
aging ten to twelve miles an hour, and even reaching fourteen or fifteen 
miles in the region of the Texas “ Panhandle.” Pike’s Peak (14,134 
feet), although more than twice as high as Mt. Washington, has much 
less wind than the New Hampshire summit because it is in a region 
of much less marked cyclonic control. The average velocities are 
22 miles an hour for the year; 27.1 in March; 13.5 in July. 

It is a climatic fact of great economic importance that the wind 
velocities over the Great Plains are so extraordinarily well adapted 
for driving wind-mills. The configuration of the continent, and the 
distance from primary sources of moisture supply, result in giving 
this great interior region a somewhat deficient rainfall. It is a dis- 
trict over most of which general farming without irrigation is a hazard- 
ous undertaking. To secure water for irrigating, for stock, and for 
domestic use, recourse must be had chiefly to underground supplies. 
This necessitates pumping, and in the wind conditions of these very 
same Plains—in the relatively high and steady wind velocity—we have 
a source of power which is economical and reliable. Hence the wind- 
mill is one of the most characteristic features of the Great Plains. 
Far away in the distance, long before the farm buildings themselves 
can be seen, the tall steel frame, with its revolving wheel at the top, 
stands out against the distant sky line. We have here a curious and 
interesting climatic compensation, of inestimable money value to the 
farmers of our western Plains. In other parts of our country, also, 
where there is no constant necessity of irrigation, and where the winds, 
although less favorable as a source of power, are nevertheless reason- 
ably well adapted for driving windmills much of the time, there should 
be an increasing ‘use of this cheap and effective source of power for 
pumping water to be used temporarily in times of drought. 

As illustrations of the work done by windmills, the following cases, 
reported by Dr. Frank Waldo, may be cited’. A wheel 12 feet in 
diameter raised 50,000-100,000 gallons of water a month to a height 
of 50 feet (Texas). A 10-foot wheel in Wisconsin raised 50 barrels 
of water daily to a height of 50 feet. A 10-foot wheel in Iowa raised 
enough water, to a height of 40 feet, to supply 300 head of cattle. 
In Missouri, a 16-foot wheel ground 20 bushels of corn in an hour. 
In Nebraska, a 10-foot wheel raised 1,000 gallons of water daily to a 
height of 70 feet. 

So widely varying, under the influence of local topography, are 
the wind velocities over our western mountain and plateau region 
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(“ Plateau Province”), and so few and scattering are the available 
data, that lines of equal wind velocities cannot well be drawn for that 
section. The chart (Fig. 3) shows velocities varying from 5-6 to 
10-12 miles an hour. It is to be expected that, in such a broken and 
mountainous topography, the velocities will, on the whole, be distinctly 
smaller than those on the Great Plains. The most sheltered localities 
are generally the least windy. Yet the use of windmills is by no 
means impossible in many parts of the Plateau Province, and the 
judicious choice of windmill sites where the conditions are most favor- 
able would provide many localities with the means of irrigating. 

In spite of its name, our Pacific coast (“ Pacifie Province”), at 
its northern exposed stations (“‘ Northern Pacific ”), has higher aver- 
age wind velocities (16-22 miles an hour) than those at exposed points 
on the Atlantic coast. The conditions on these two coasts are, how- 
ever, different, and cannot be directly compared. The higher veloci- 
ties along the Pacific seaboard have been recorded on bluffs several 
hundred feet in elevation. South of San Francisco, light winds pre- 
vail (“‘ Southern Pacific Province”), for storm control becomes less 
and less marked as we go southward along the coast. 


Maximum Winp Ve ocities.—The most violent winds with which 
man has to contend in the United States are those of the tornado. 
The velocities—unrecorded because too great for any instrument to 
register—run up to 150, 200, possibly even to 300 miles an hour. 
Considering the size of the country, tornado blasts are relatively rare. 
They are in general limited to the “tornado belt” of the eastern United 
States, i. e., to the central and southern Mississippi Valley region, 
and from there, with decreasing frequency, to the States lying to the 
west and east. The sudden squall winds which accompany severe 
thunderstorms are responsible, next after tornadoes, for the highest 
winds of our interior districts. In many of our forests, often far 
from the beaten track of man’s present-day wanderings, records of 
former tornadoes, and of other high winds, are preserved, decades 
after the occurrence of the blasts which uprooted and broke off the 
trees. “‘ Fossil” tornadoes may be distinguished by the tangle and 
criss-crossing of the trees, which give the evidence of the tornado 
whirl. A straight “slash” through the forest, with the trees all 
prostrate in the same direction, is the “ fossil” record of a straight- 
line gale or of a thundersquall. 

West Indian hurricanes are responsible for the maximum wind 
velocities which are recorded along the south Atlantic and Gulf coasts, 
while severe winter storms bring the highest winds at the stations 
along the margin of the north Atlantic, north Pacific and Great Lakes. 

For engineers and for architects it is important to know the abso- 
lute maximum of wind velocity which may occur in any district. But 
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for ordinary purposes, and as a matter of popular interest, a much 
more general indication of our highest wind velocities amply suffices. 
Excluding the relatively rare tornado, winds blowing for short periods 
at the rate of 50-75 miles an hour may occasionally be expected at 
interior stations, while velocities of 75 to 80 or 90 miles are not un- 
likely to oceur in the most severe gales along our coasts. Our winter 
gales, and our summer and autumn hurricane winds along the Atlantic 
seaboard, too often bring danger and disaster to our shipping. The 
storm warnings of the Weather Bureau, indicating gales dangerous to 
navigation, are seen by our mariners with discouraging frequency. 

In our western mountain regions the highest winds accompany the 
more severe winter storms, and have an important economic bearing 
in that they drift and pack the snow in the mountains, consolidating 
it for subsequent slow melting in spring and summer, and thus pro- 
viding a more uniform and a more continuous supply of water for 
irrigation. Taking the country as a whole, the lowest wind velocities 
are found in the southwestern interior. 

Exposed stations on the Pacific coast from San Francisco northward 
(“ Northern Pacific Province”) are subject, during the passage of 
severe winter storms, to gales with velocities running up to from 50 
to 90, or even more, miles an hour. To the south (“ Southern Pacific 
Province ”), the maximum velocities are much lower, the highest winds 
blowing when winter storms move southward along the coast, or in 
connection with low-pressure areas over the interior (Sonora type). 
Point Reyes, Cal., a very exposed station, a little north of the Golden 
Gate, has recorded five-minute velocities of 110 miles an hour, and 
extreme velocities, in shorter periods, of 120 miles an hour’. The 
wind directions in these Pacific coast gales are southeasterly or north- 
westerly. Shipping is liable to suffer damage, but inland the loss, if 
any, is chiefly confined to the uprooting of standing timber. Occa- 
sionally, even in central and southern California, strong winds may 
damage standing crops. 


SzasonaL anp Divenat Variation 1x Winn Vexocity.—With 
the annual progress of the seasons there comes a seasonal variation in 
our wind velocities. For the country as a whole, spring (March, 
April) is, in general, the windiest time of the year; middle and late 
summer (July, August), the calmest. March is proverbially a windy 
month. In the long run it deserves its reputation™’. It is a transi- 
tion month. The combined influence of the still active winter storm 
control and the rapidly-increasing diurnal (solar) control of summer 
makes for active wind movement. The difference between the average 
wind movement in the windiest and calmest months varies between 30% 
and 70% in different sections. The least difference is found over the 
Plains, the upper Lakes and the South Atlantic coast; the greatest, on 
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the north Pacific coast. It is a fact of notable economic importance 
that there is comparatively little seasonal difference in the wind veloci- 
ties over the Great Plains. It is also economically important that the 
highest winds which sweep over the Plains are most common in winter 
and spring, when the contrasts in temperature are most marked, and 
not in summer. The damage to crops from this source is thus mini- 
mized. 

The general increase in wind velocity from a minimum in the early 
morning to a maximum at 2 or 3 p. m. is a characteristic feature over 
most of the country, although there are exceptions, as on the Pacific 
coast. The change is most marked at inland stations, on clear days, 
and in summer, when storm control is least marked. Mr. P. C. Day 
has recently charted the average hourly wind velocities for the day- 
light hours (6 a. m. to 6 p. m.); for the approximate hour of maxi- 
mum wind movement (3 p. m.), and for the approximate hour of 
least wind movement (6 a. m.)*. ([he daytime increase in wind 
velocity near the earth’s surface over that of nighttime averages 
20%-40%, and may reach 50% or more. The average daylight 
velocities approximate 10 miles or more an hour over much of the 
country. The Great Plains are conspicuous on account of their high 
velocities (over 12; over 16 in the Texas Panhandle), which are about 
the same as those at exposed points along the Atlantic coast and on 
the Great Lakes. Comparing the extreme day and night velocities 
(i. e., the average velocities at 6 a. m. and 3 p. m.), we find that the 
increase in the afternoon velocity over that of early morning is most 
marked in regions of light winds, as in protected valleys of the Rocky 
and Appalachian Mountains (75-100%). Over the Great Plains this 
increase is less (30-50%). The Plains, then, stand out conspicuously 
in their wind conditions. They have relatively high average wind 
velocities; there is little seasonal variation in velocity; and the winds 
of nighttime are relatively higher, as compared with those of daytime, 
than is the case over much of the country. All this makes the winds 
of the Great Plains an important and reliable source of power. 
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MEMORIAL 


MEMORIAL 


Epwarp Van Dyxe Rosrnson 
Ricuarp Etwoop Dopcer 


In the sudden death of Edward Van Dyke Robinson, Professor of 
Economics in Columbia University, on December 10, 1915, this Asso- 
ciation loses a valued member, who, in the full strength of mature 
training and experience, was contributing most efficiently to the de- 
velopment of economic geography. 

Professor Robinson was born in Bloomington, Ill., on December 20, 
1867, and graduated from the University of Michigan in 1890. After 
receiving the master’s degree from the same institution in 1891, he 
completed his preliminary training in the University of Leipzig, which 
conferred on him a Doctor’s degree in 1895. Returning to this 
country he took up high school teaching for twelve years. In 1907 
he was called from the principalship of the St. Paul, Minnesota, high 
school to become Professor of Economics in the University of Min- 
nesota. He held this position until he was called to Columbia Uni- 
versity in 1915 to become Professor of Economics, in charge of under- 
graduate instruction in that subject. 

Though an economist by training and experience, he early became 
interested in economic geography and contributed to the advancement 
of the subject both through his writing and his teaching. Professor 
Robinson was a natural teacher and won distinction in this field of 
labor, not merely because of his scholarship, but also because of his 
convincing enthusiasm and his real human interest in his students. 

His most significant publications in economics are The Nature of 
the Federal State, 1893; War and Economics, 1900; Division of Gov- 
ernment Power in Ancient Greece, 1901; Railroad Taxation in Min- 
nesota, 1912; Cost of Government, National, State and Local, 1912. 
His Commercial Geography, 1909, was the first high school text in 
this field to give any adequate attention to the economic principles 
underlying commercial relations. 

Professor Robinson’s last contribution to geography was a memoir 
published only a few months before his death, entitled Early Economic 
Conditions and the Development of Agriculture in Minnesota, a model 
of what such a study should be. 

Professor Robinson was an optimist who, by word and deed, con- 
tributed to the bettering of community conditions and civic life during 
his years at St. Paul and Minneapolis, a teacher who had won an 
enviable reputation by the strength and vigor of his work, and a man 
of winning personality, full of zeal and enthusiasm. His untimely 
death removes a master workman from the field of economics and 


geography. 
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TITLES AND ABSTRACTS OF PAPERS 


Wasuineton, 1915 


Presidential Address—Richard E. Dodge. 
Some Problems in Geographic Education, with Special Reference 
to Secondary Schools.—Printed in full herewith. 


Henryk Arctowski. 
A Possible Cause of the Pleionian Climatic Fluctuations.—Read 
by Title. 


Oliver E. Baker. 
A Map Showing the Agricultural, Forest, and Grazing Areas of 
the United States.—Read by Title. 
The map described is to be included in the agricultural atlas of the 
United States, under preparation by the United States Department of 
Agriculture. 


N. A. Bengston. 


Outlines of Some Foreign Settlements in Nebraska.—Read by 
Title. 


Nebraska was settled principally by people from Europe. The 
latter tended to form groups called settlements. The paper shows for 
a few of these the origin, development and changes in form. Many 
think of these settlements as solid groups. Careful mapping shows 
this to be somewhat in error. The foreign group presented consider- 
able solidarity in the first generation. This, in some cases, tended to 
rapid development and sharply advancing prices of land. The waning 
of foreign solidarity in these settlements is marked and indicates some 
interesting changes now in progress. 


Hiram Bingham. 
Methods Followed in the Field Work of the Peruvian Expedition 
of Yale University and the National Geographic Society. 

In organizing the Peruvian expeditions it has been the aim to include 
representatives of as many different sciences as possible. The field 
method has been to send a reconnaissance party to construct route 
maps, take many photographs, establish friendly relations with local 
officials, landowners and natives, and learn all possible regarding cli- 
matic conditions and the sources of food supply for the animals, the 
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last being particularly important in a country like Peru. This deter- 
mines the character of future work. A topographic party is next sent 
into the field to make a map which will show roads, rivers, bridges, 
important peaks and other salient features, as desired by the parties 
that are to follow. Finally, armed with blue prints of the maps, with 
photographs and reports of previous parties, the trained specialist, be 
he geologist, zoologist, or archaeologist, can go immediately to work, 
and gain the best results. The speaker’s work has been in historical 
geography, applied to two problems: (1) the identification of ancient 
place names referred to in the Peruvian chronicles of the sixteenth and 
seventeenth centuries, but not generally found on existing maps; and 
(2) the identification of newly-discovered ruins whose present names 
appear to be of recent origin and are not found in the chronicles. 


William Bowie (Introduced). 


The Place of Geodesy in Scientific Geography. 

Geodesy is one of the important branches of geography and is essen- 
tial in the determination of the shape and size of the earth, a knowl- 
edge of which is necessary in geographic research and investigations. 
From the data secured from geodetic observations we are enabled to 
determine approximate deviations from the normal in the densities 
in the cuter portions of the earth. By means of triangulation and 
geodetic leveling the fundamental control in position and elevation is 
obtained for surveys and maps. 


Albert Perry Brigham. 
The Population of New York State. 

The following topics were discussed: growth as compared with that 
of typical states in the South; the North-Central region and the West; 
center of population and its movement; population in relation to alti- 
tude, physiographic provinces, and drainage basins; urban and rural 
population; rural population as related to quality of soil and proximity 
of cities; belt of dense population as dependent on soil, climate, and 
facilities for transportation; capacity for population. 

A Type of Geographical Description. 

Various kinds of descriptions were noticed, as more or less geo- 
graphical, such as those of the encyclopedia, the census, the guide 
book, the elementary text-book, the special treatise, accounts of explora- 
tion and survey, and the records and impressions of travel. Our 
modern geography should produce a type differing from all of these, 
mature in subject-matter, complete in its use of principles, finished 
in Jiterary form, drawing from all sources, and suited not only to 
teachers and al] other educated persons, but to the professional geog- 
rapher who needs to know the unit considered, not in detail but in 
substance and total. 
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Alfred H. Brooks. 
The Physiographic Provinces of Alaska. 

Five principal physiographic provinces are recognized in Alaska, 
each one of which is divisible into a number of sub-provinces. These, 
named from south to north, are: the Pacific Mountain System, the 
Central Plateau Region, the Rocky Mountain System, the Arctic Moun- 
tain System, and the Arctic Slope Region. In this classification a 
new term, the Arctic Mountain System is introduced to include the 
mountain chain which traverses northern Alaska and parallels the 
Arctic Ocean. It was previously believed that it was an extension of 
the Canadian Rockies, but this interpretation has proved to be in error 
both from a tectonic and physiographic standpoint. 


The Geography of Alaska in Its Relation to Man. 

Geography has controlled the distribution and cultural development 
of the Alaska natives and, to a large extent, the approach to and 
occupation of the territory by the white man. This control has been 
exercised principally through geographic position, by character of 
relief, drainage, and shore line, by climate, and by distribution of 
animals and vegetation. The habits and distribution of the native 
population are the direct result of physical environment, due, in turn, 
to the interaction between various geographic factors. The distribu- 
tion of animals and vegetation and the physical barriers to migration 
have been the controlling geographic influences on the natives of 
Alaska. 

All of the geographic factors listed above have influenced to a greater 
or less extent the advance of the white man in Alaska. The first settle 
ments in what is now Alaska were determined by the needs of the fur 
trade. Later, settlements were located to meet the needs of the fish- 
eries, while in recent years a new factor has dominated. The dis- 
tribution of mineral resources has largely determined the centers of 
population. 


Robert M. Brown. 
The Need of Considering Minimum Essentials in Geography. 
—Read by Title. 

The paper presented the following points: brief outline of three or 
four proposals; statement of the demands of educational experts; call 
on the specialist to insist on a content of broad scope and to give 
thought to the possibilities of testing knowledge and ability in geog- 
raphy. 


Collier Cobb. 
Greek, Roman, and Arabian Survivals on the North Carolina 
Coast.—Read by Title. 
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Henry J. Cox. 
Influence of the Great Lakes upon the Movement of High and 
Low-Pressure Areas. 

The Great Lakes influence to a certain extent the movement of high 
and low-pressure areas which cross the North-Central states. Because 
of the higher temperature of the lake water in the colder months of 
the year as compared with the air temperature in the surrounding area 
there is a tendency for “ highs” to avoid and “ lows” to seek the lake 
route, and in the warmer months the converse is true. In the colder 
months there is a tendency for the pressure to decrease in “ highs ” 
and “lows” crossing the lakes, while in the warmer months the 
pressure tends to increase. “ Highs” often develop over the lake 
region in the springtime and remain for a considerable period, thus 
insuring protracted fair weather. 


W. M. Davis. 
The Mission Range, Montana. 


In recognition of the greater value in geographic description of the 
present than of a past tense, an account was given of what the Mission 
Range is rather than, as on the occasion of the Princeton meeting two 
years ago, of the processes of uplift, dissection, and glaciation, by 
which it has been formed. 


Leon Dominian. 
The Geographical Case of Turkey.—Read by Title. 


Turkey occupies an eminently central position between highly devel- 
oped and undeveloped areas. The country is the seat of the most 
convenient routes which link Europe to Asia or Africa. It is a link 
of the only direct land route which connects European centers of 
industry with populous markets of Asia. 

By virtue of its position Turkey is the point of convergence of a great 
southeasterly drive of Teutonic peoples and the southeasterly expan- 
sion of Russians. It is the clashing ground of both. Through the 
Arabian peninsula at its southern end as well as through its alliance 
with the Germanic countries it forms a hostile wedge driven between 
the British sphere of influence in Egypt and the Indian Empire. 

The survival of Asiatic influence represented by Turkish institu- 
tions on European soil is a direct result of the country’s situation. 


Charles R. Dryer. 
Studies in Economic Geography. I. Definitions and Classifica- 
tions. II. The Economic Regions of the United States. 
I. A workable organization of economic geography was proposed, 
consisting of basic definitions and classifications of environments, 
economies, and economic societies. 
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II. On the basis provided in (I), the United States was divided 
into five natural economic regions, the leading environmental and 
economic factors of each region were discussed, and the rank among 
economic societies which appears to belong to each was assigned. 


F. V. Emerson. 
Geographic Factors and Cane Sugar. 

The cultivation of sugar cane, a tropical plant, in the warm tem- 
perate climate of Louisiana and Texas presents some difficulties, and 
these conditions are reflected in the economic, sociological, and political 
life of the people. 

Sugar cane ordinarily makes a good growth in Louisiana, but har- 
vesting time is somewhat critical. A hard freeze before cutting will 
usually spoil the entire crop; the sugar content is altered by conditions 
of sunshine, temperature, relative humidity, and rainfall. Such cli- 
matic limitations render the industry somewhat precarious as com- 
pared with the great staples, cotton, corn, and wheat. The industry 
requires expensive, intensive cultivation during the growing season, 
rather quick gathering during the harvesting period, and fairly prompt 
sugar extraction during the “ grinding season.” 

Several authropogeographic responses result from these conditions. 
The relative uncertainty of the crop, together with the extremely profit- 
able yields in favorable years, attract venturesome entrepreneurs either 
possessed of, or, more frequently, able to borrow, considerable capital. 
Expensive cultivation and handling strongly tend to large scale man- 
agement and to large plantations instead of moderate sized farms. 
This tendency is enhanced by the fact that it is a decided advantage 
to the planter in securing prompt treatment of his product to own or 
control his own manufacturing plant, and the tendency is therefore 
toward the control of plantations by capitalists or corporations. Hence 
it is that the large, somewhat self-sufficing plantation is rather char- 
acteristic of the sugar district. 


Oliver L. Fassig. 
A Simplified Form of Revolving Cloud Camera.—Read by Title. 
The instrument is a greatly simplified form of revolving cloud cam- 
era, described in an article in the Monthly Weather Review for June, 
1915. The camera takes in the entire dome of the sky, from horizon 
to zenith, at a single exposure of a second or less. The practical use 
of this camera in cloud topography has been demonstrated ; its broader 
application in geographic, and especially military, exploration is con- 
sidered in this paper. 
James Walter Goldthwait. 
Physiography of Cape Breton Island.—Read by Title. 
The material for the paper was gathered during two seasons of 
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field work for the Geological Survey of Canada, in Nova Scotia and 
Cape Breton Island. 

The physiographic divisions of Cape Breton Island are correlated 
with the upland and lowland divisions of Nova Scotia, described by 
Daly in 1902. The upland which dominates the landscape of Nova 
Scotia is found to extend across Cape Breton Island, appearing where 
hard crystalline rocks occur, in ten scattered belts of level-topped 
“hills” or “mountains,” and rising northwestward to form an ex- 
tensive tableland in Victoria and Inverness counties, 1,200 feet above 
the sea. The correlation of the several parts of this dismembered 
upland into one uplifted peneplain (thought to be of subaérial origin) 
is made clear by a comparison of their altitudes. The relation of the 
upland to the highlands of Nova Scotia, New Brunswick, and New 
Foundland is briefly considered, and the name “ Atlantic Upland ” 
proposed for the group. The intervening lowlands are attributed to 
subaérial denudation during the period which followed the elevation 
of the upland, carried to a point beyond maturity, wherever non- 
crystalline rocks of inferior strength occur. 

The drainage systems retain but few traces of the original south- 
eastward-flowing consequent rivers, owing to widespread adjustments 
to transverse belts of weak rock during the later cycle. The effects of 
glaciation by the North American ice sheet, although distinct, are 
found only in smaller details of topography and of drainage, and in 
the dispersion of drift soils in two directions, by two successive move- 
ments. The shore-line, including the deep landlocked Bras D’Or Lakes, 
is complex, due to contrasts in rock structure, to the presence of several 
great fault escarpments, to glaciation, and to changes of level, which, 
however, do not appear to have been in progress since the occupation 
of the island. 


J. Paul Goode. 
The Geographic and Economic Foundations of the Great War. 
—Read by Title. 

The influences which have led up to the Great War are found in 
the physical character of the countries, particularly the influence of 
the open plain, with its lack of natural boundaries; the distribution 
of race and language groups; the unequal distribution of natural 
resources, especially soil, coal and iron; the rise of modern industry 
and commerce, and the overflow into the outside world into colonies 
and spheres of influence; the rapid growth of urban manufacturing 
populations, and the resulting dependence for food upon outside lands. 
National rivalry and jealousy are expressed in land hunger and trade 
expansion ; the climax of hatred is achieved between Britain, the ruler 
of the seas, and Germany, the most aggressive power on the continent. 
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Ellsworth Huntington. 
Geographic Variables. 

Every geographer recognizes that the effect of geographic environ- 
ment varies. This variation has two aspects. In the first place man’s 
own capacities vary greatly from region to region and in different 
stages of development. Therefore, a region such as the grassy prairies, 
which at one stage presents an insuperable obstacle to agriculture, 
may in a later stage become the region where agriculture is most 
profitable. The second type of variation is due to the fact that certain 
phases of geographic environment, especially the climatic conditions, 
change markedly from year to year and cycle to cycle. The work of 
Clayton on rainfall and panics; of Briickner on rainfall and migra- 
tions; of the British officials in India on famines, birth-rates, crime, 
and social conditions; of Moore on crops and economic cycles in the 
United States; and of Dexter on weather and conduct, are samples of 
an immense body of facts which belong to the realm of geographic 
variables. One of the next great steps in the science of geography is, 
perhaps, to correlate these facts, and to show how geographic variables, 
such as rainfall or other conditions of climate, give rise to a long series 
of constantly changing results, beginning with crops and annual migra- 
tions and going on to the prosperity of the farmers, fishermen, and 
others, the activity of merchants, the productivity of factories, the 
scale of general prices, the occurrence of financial panics, the amount 
of poverty and crime, and the play of all these conditions upon the 
world’s political and social fabric. Such a treatment leads into the 
fields of biology on one side and of economics and history on the other, 
but geography can never occupy its rightful place without it. 


Mark Jefferson. 
The Plains of Europe.—Read by Title. 


W. L. G. Joerg. 


The Geographic Center: Its Definition and Determination. 
—Read by Title. 

A general discussion of the problem of the “ center of gravity ” in 
its applicability to geographical phenomena. After a brief considera- 
tion of the three types, with examples, into which these phenomena 
may be divided (1, punctual: e. g., cities; 2, linear: e. g., railroads 
and other transportation systems; 3, areal: e. g., continents, countries, 
ete.) and the methods of determining their centers, the third type was 
examined in greater detail, Such topics as centers of areas (both 
of compact and divided areas, such as the mother country and colonial 
empires), the poles of the land and water hemispheres, centers of 
population and median points (Census Bureau) were discussed, as 
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well as the nuclei of phenomena represented by “ isarithmals,” such 
as contours and isobaths, isobars, isohyetals, lines of equal density of 
population. ete. The paper concluded with an estimate of the extent 
to which geographical centers may be used to express succinctly certain 
geographical relations. 


Douglas W. Johnson. 
The Strategic Value of Landforms in the Great Russian Retreat. 


—Read by Title. 
The great Teutonic assault on the Russian line which began last 


. spring had as its principal object the creation of salients in the Russian 


line, which would make possible the envelopment of considerable por- 
tions of the Russian army. Four dangerous salients were created, 
but in each instance the Teutonic plan was defeated by a skillful use 
of natural defensive lines by the Russians. In the same way the at- 
tempts by the Teutons to secure a satisfactory winter line on the east 
have thus far been frustrated. 


Dora Keen (Introduced). 
Avalanches as a Factor in the Alimentation of Glaciers. 


C. F. Marbut. 
The Relation of Soils to Crops in Southern California. 
A soil map and a crop map, both worked out in detail, presented 
not only the geography of the various crops but also the relations of 
the various crops to the soils of the San Bernardino Valley. 


The Dark-Colored Soils of the United States. 

The work of Russian investigators on the dark-colored soils of Russia 
and Siberia has attracted a great deal of attention during the last few 
years. The character of these soils and the geographic conditions 
under which they have been developed were described briefly, and 
the dark-colored soils of the United States were compared with them 
in character, distribution, and origin. The agriculture on the dark- 
colored soils of the United States was briefly discussed by means of a 
comparison of a soil distribution map and agricultural maps. 


F. E. Matthes. 
The Post-Pleistocene Moraines of the Sierra Nevada. 

Short but conspicuous moraine loops occur in front of all the small 
glaciers of the Sierra Nevada, as well as in a large number of empty 
cirques along the crest of the range. Their remarkably fresh appear- 
ance, in contrast with which even the younger members of the extensive 
Pleistocene moraine series seem subdued and ancient-looking, suggests 
strongly their deposition during post-Pleistocene and, in part at least, 
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historic times. Those last formed are comparable to the recent mo- 
raines of Switzerland and Savoy, which, through documentary evi- 
dence, have been identified as witnesses of moderate glacier pulsations 
that occurred during the eighteenth and nineteenth centuries. 

The desirability at once suggests itself of a correlation of this record 
of post-Pleistocene climatic fluctuations with that contained in the 
rings of the Sequoias of the Sierra Nevada, on the one hand, and with 
that contained in the strand levels about Mono Lake and Owens Lake, 
on the other. 

The conclusions are important in the study of glacial cirques, inas- 
much as cirques containing such moraines must be considered as having 
been recently “ renovated.” They are not directly comparable to 
cirques that have been empty since the close of the last glacial epoch. 


Alexander McAdie. 
Geography and Aérography.—Read by Title. 

Introduced the term Aérography or description of the atmosphere 
at all levels. In conformity with general use of the analogs Geog- 
raphy and Hydrography, would restrict the meaning of the term and 
differentiate from Aerology, a term used in the last four years for 
exploration in the upper or free air. The atmosphere is divided into 
two great divisions, the stratosphere and the troposphere. The work 
of two aérographers, Teisserenc de Bort and A. Lawrence Rotch, 
referred to. Examples of aerographical work are the volumes, “ Charts 
of the Atmosphere for Aeronauts and Aviators,” Rotch and Palmer, 
1911, and the “ Structure of the Atmosphere,” by Cave, 1912. Vari- 
ous types of wind structure are referred to. The history of attempts 
to record and measure the flow of air is gone into from the time of the 
Tower of the Winds in Athens to modern determinations at various 
levels. The present instruments and methods of measuring winds are 
deemed defective and inadequate and the paper presented a plea for 
better units, newer methods and a wider appreciation of the great 
problem that bears directly upon human welfare and happiness. 





Leonard O. Packard (Introduced). 
Causes of Changes in Population along the Maine Coast.—Read 
by Title. 

The distribution of population along the Maine coast is influenced 
greatly by the many indentations. Because of the advantages offered 
by the character of the shore-line itself and because of the natural 
resources, prosperous cities and towns developed. 

Census reports show a marked falling off in the population of the 
coast towns for the past thirty years. This change is due to a decline 
in practically all of the industries which were responsible for the 
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earlier development of the region. The present condition is accounted 
for by a decrease in the advantages of water communication and by 
changes in the nature of the demands made by the industries whic 


the region serves. 


William G. Reed. 
The Probability of Specified Meteorological Conditions. 

A knowledge of the “ business risk ” from unfavorable weather con- 
ditions is essential for successful farming. The “ probability curve ” 
may be used to determine this risk. As an illustration of what may 
be done a map of the dates after which killing frost will occur only 
one year in ten on the average was shown. Similar maps have been 
made for autumn frosts and for the probable season without killing 
frost four years in five. 


John L. Rich (Introduced). 
Correlation of Cultural Features with Stage in the Erosion Cycle. 


Since cultural features—as roads, houses, clearings, villages, and 
cities—are the outward expression of the life of the people, their 
contro] by natural conditions such as relief, slope, or climate may be 
taken as a partial measure of the influences which the latter exert 
upon the activities of the people of the region under investigation. 
Quantitative measurements of the distribution of three cultural fea- 
tures—roads, houses, and towns—were made for typical examples of 
topography in each stage of the erosion cycle and their results expressed 
in percentages and correlated by means of graphs. In infancy and 
youth upland culture predominates ; clearings, roads, houses, and towns 
are on the uplands while the valleys are avoided. With advance toward 
early maturity, culture descends more and more into the valleys until 
in early maturity, valley culture prevails. With advance toward late 
maturity and old age slope culture begins to dominate and increases 
progressively until in the final stage, peneplanation, universal culture 
is inaugurated. 


G. B. Roorbach. 
Venezuelan Trade and the War in Europe.—Read by Title. 


Howard E. Simpson (Introduced). 
The Islands of Devils Lake, North Dakota, and Their Signifi- 
cance. 

A sketch of the origin and life history of the ice-built boulder piles 
in a rapidly disappearing glacial lake, with the additional evidence 
which they offer of the pulsatory climatic changes which have taken 
place in the Northwest since the close of the Glacial Period. 
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H. L. Shantz (Introduced). 
Correlation of Natural Vegetation, Soil Type, and Early Settle- 
ment in Eastern Colorado. 


The principal plant associations of eastern Colorado, the relation of 
these associations to soil type, and the relation of vegetation type and 
soil type to grazing and crop production. The distribution of the 
plant associations was shown by sketch maps. 


Philip S. Smith. 
Notes on the Exploration of Lake Clark-Icitarod Region, Alaska. 
The region extends from the western flanks of the Pacific Mountains 
well in to the Central Plateau Province of Alaska. A narrative ac- 
count of the expedition and a general summary of the topographic 
features, climate, vegetation, settlements, and population were given. 


J. Russell Smith. 
The Island and the Continent at War. 


The conflict between England and Germany was traced in part to 
contrasting geographical conditions. The continental location of Ger- 
many, exposing her to invasion on nearly every side, naturally devel- 
oped fear of her neighbors and this, in turn, bred a respect in her 
people for any kind of authority that could protect them. Hence 
their obedience to military organization and individual subordination. 

England, on the other hand, has been free from any danger without, 
because of her insularity and her fleet. This has led to greater political 
and individual freedom, but also to a greater laxity of organization, 
as evidenced by internal political dissensions and the relative neglect 
of education and science. 


Walter S. Tower. 
A Geographic Comparison of Vancouver and Prince Rupert, B. C. 
—Read by Title. 

The old and new Pacific outlets for Western Canada; topographic 
influences affecting the two ports; the tributary areas, their industries 
and undeveloped resources; lines of transportation between coast and 
interior; relations to ocean routes and foreign markets; relative advan- 
tages of each port. 


T. Wayland Vaughan. 
Some Physiographic Features of the Cuban Shore-Line and Their 
Bearing on Strand-Line Oscillation——Read by Title. 


Robert DeC. Ward. 
The Prevailing Winds of the United States.—Printed in full 
herewith. 
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R. H. Whitbeck. 
Geographic Environment as a Factor in Evolution and in Race 
Differentiation. 

The influence of geographic environment is one of the basic ques- 
tions of scientific geography. At the bottom, it is a biological ques- 
tion,—Can environment so act upon organisms as progressively to 
modify them and eventually produce wide variations from the parent 
stock? If so, how is it accomplished? Are differences in environ- 
ment, and are changes in environmental conditions competent to bring 
about the present differentiations among groups of plants, animals, and 
men { 


One Urgent Need in the Field of Educational Geography. 

A nation-wide agitation in favor of making General Science the 
introductory science of the high school is now going on. This move- 
ment, which means a widespread displacing of Physical Geography, 
has gained strong headway; geographers have thus far manifested 
little disposition to support the claims of their science. This may be 
due to their willingness to see Physical Geography give place to 
humanized geography, but many school principals and superintendents 
do not know that there is any movement toward humanized geography 
and are dropping physical geography from the curriculum. In the 
educational magazines, articles which would inform school men on 
matters dealing with educational geography, rarely appear. There is 
urgent need that geographers contribute to general educational maga- 
zines articles which will remedy this situation. 
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